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PREFACE 



The object of the "Hindu Astronomical and Mathematical Texts Series" 
is to bring out authoritative and critical editions of important unpublished 
works dealing with ancient Hindu astronomy and mathematics. The present 
edition of Bhaskara I's Laghu-Bhaskarlya is No. 4 of this series. v • 

The idea of bringing out the above series is due to Dr. A. N. Singh, late 
Professor of Mathematics, Lucknow University, who organised a scheme of 
research in the history of Hindu mathematics and astronomy. in the Depart- 
ment of Mathematics, Lucknow University, with the object of collecting, 
studying, and editing important works on Hindu mathematics and astronomy. 
Under his able supervision remarkable progress was made in this direction 
and a number of manuscripts were acquired, studied and edited. The work 
is being continued since his death in 1954 by our colleague, Dr. Kripa 
Shankar Shukla, Reader in Mathematics, Lucknow University, who has 
already been actively engaged in this work since 1941. 

The scheme of research in the history of Hindu mathematics and 
astronomy referred to above has been financed by the Government of Uttar 
Pradesh, through the help of Dr. Sampurnanand, its then Education Minister* 
for which we offer our sincere thanks to them. We are particularly grateful 
to Dr. Sampurnanand for taking keen and abiding interest in the progress 
of our research and encouraging us from time to time. 

The present publication has been made out of a grant of Rs. 3,000/- 
kindly sanctioned by the Government of Uttar Pradesh, for which we onc% 
again express our sincere thanks to them. Our thanks are especially due 
to Acharya Jugat Kishore, our present Minister of Education, for sanctioning 
the above grant. 



R. Ballabh 
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INTRODUCTION 

This Part contains a critically edited text of the Laghu- 
BfiSskarlya ("the smaller work of Bhaskara I") and its English 
translation with notes and comments where necessary. 

Sanskrit Text. In editing the text I have made use of the 
following four manuscripts in the collection of the late Dr. 
A. N. Singh : 

MS. A— Containing the text only ; 

MS. B— Containing the text together with the commen- 
tary of 6ankaranarayana (869 A. D,); 

MS. C — Containing the text together with the com- 
mentary of Udayadivakara (1073 A. D.) ; 

MS. D — Containing the text together with the com- 
mentary of Paramesvara (1408 A.D.). 

The manuscripts consulted by me are generally in good 
condition but at places there are imperfections and omissions. 
In none of them are the verses numbered. MSS. A, B, and C 
are complete whereas MS. D breaks off at the end of the seventh 
chapter. B. D. Apte acquired a complete copy of MS. D which 
he has published in the Anandasrama Sanskrit Series. I have 
called his edition P. 

The following is a chapterwise analysis of the extents of 
the manuscripts consulted by me : 
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Number of verses 





MS. A 


MS.B 


MS. G 


MS. D 


P 


Common to all 


• 

I 


38 


37 


37 


37 


37 


37 


II 1 


41 


40 


41 


41 


41 


40 


III 


35 


35 


35 


35 


35 


35 


IV 


32 


32 


32 


32 


32 


32 


V 


15 


15 


15 


15 


15 


15 


VI 


25 


25 


25 


25 


25 


25 


VII 




10 


10 


12 


12 


10 


VIII 


19 


19 


1 19 


19 


19 


19 



Total number of verses common to all manuscripts = 



The above table shows that 

(1) MS. A contains an additional verse in Chapter I, 

(2) MSS. A, C, D and P contain an additional verse 
in Chapter II, and 

(3) MS. D and P contain two additional verses in 

Chapter VII. 

Of these additional verses, the one belonging to Chapter II 
possibly belonged to the original text of the Laghu-BK&skanya. 
The other additional verses are interpolatory as the following 
discussion will show. 
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Discussion of Additional Verses 
(1) Additional Verse in Chapter I. This verse occurs in 
MS A between verses 17 and 18, and runs as follows:-- 

^m^r^fsr^w^^^^fFWRFcn: f stmt: 

[Translation. The mean longitudes of the Moon, its apogee 
and ascending node should be (respectively) diminished by the 
minutes of arc which are obtained by diminishing the (elapsed) 
years of the &aka era by 444, (then severally) multiplying 
(that difference) by 9, 65, and 13 and dividing them by 85, 134, 
and 32 (respectively). (Severally) multiplying (the same diffe- 
rence l by 45, 420, 47, H3, and 20 (respectively) and dividing 
(all of them) by 235 are obtained (the corrections in minutes 
of arc) for Mars, etc. (The corrections) for (the stghrocca of ) 
Mercury, Mars and Saturn should be added (to their mean 
longitudes); (those) for Jupiter and (the stghrocca of) Venus 
should be subtracted (from their mean longitudes). The Sun is 
to be excluded (from this correction)-] 

This verse states the so-called sakibda correction, which, 
stated in the tabular form, is a follows : 



1 vrgbhavonacchakabdad dhanasatalqyakanmandavailaksyaragaih 
pr^ptabhirliptikabhirinrahitatanavakandratattuhgapatah | 

s °bhai^rudhasahvidgaimkanarcJiatanmagaraptah kujadyah 

safiiyukia jUarasaurah suragurubhrgujau varjitau bhanuvarjyam \\ 
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Sakabda Correction for the Planets 



Planet 


Kjvji i cuuun per annum 


Sun 


Nil 


Moon 


-9/85 minutes or -6"2l"' 


Moon's apogee 


-65/134 minutes or - 29"6"' 


Moon's ascending node 


-13/32 minutes or -24*22*' 


rs 


+ 'tol 2 55 minutes or -4- 1 1 ^29 


Slghrocca of Mercury 


+ 420/235 minutes or + 1'47*14" 


Jupiter 


- 47/235 minutes or - 12* 


Sighrocca of Venus 


-153/235 minutes or -39*4" 


Saturn 


+20/235 minutes or +5*6*' 



The above verse has already been proved to be interpolatory 
and not belonging to the original. 1 The reasons for that con- 
clusion may be summarised here as follows : 

(i) The correction stated in the above verse does not occur 
in the author's bigger work, the Mahcl-Bhaskariya, 
nor in his commentary on the Jryabhatlya. 

(ii) The system of numeral notation used for forming 
number-chronograms in the above verse is alphabetic 
(kafapayUdi system) whereas at other places in the 
Laghu -BhZskariya the author has used the word- 
numeral system. 8 In the other works of Bhaskara I, 
too, the latter system is used. 

(iii) The language and style of this verse are not in con- 
formity with the rest of the Laghu-BK&skarxya. 

1 See Part I, Chapter II, 2*31. 

2 For the alphabetic and word-numeral systems of notation, the reader 
is referred to B. Datta and A. N. Singh, History of Hindu Mathematics, Part I, 
pp. 53 f. 
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(2) Additional Verse in Chapter II. The verse in question is 

It occurs in MSS, A, C, and P and also in the Mah&~- 
BhZskariya. In MS. B, too, it is found to occur ; but from the 
opening remarks of the commentator Sankaranarayana it appears 
that he does not take it as forming part of the Laghu-Bhaskartya. 
He writes : 

"How is the karana to be known ? This very Zcarya {U., 
Bhaskaral) has stated (the method for determining) it in the 
Brhat-karrmnibandha {ie., the MaKi-BhZskarlya) . How ? 

The above verse may not have occurred in the Laghu- 
BK&skariya as 6ankaranarayana seems to believe, but as the verse 
Js a composition of Bhaskara I and occurs in most of the manus-» 
cripts of the Laghu-BKAskanya and is relevant to the context, I 
have included it in the edited text. In my opinion the text 
would be incomplete without this verse. For, when the text 
gives rules for the tithi, naksatra and vyaiiplta, there is no reason 
why there should be no rule for the karana which is an equally 
important element of the Hindu Calendar (Pancanga). 

(3) Additional Verses in Chapter VII. The following two 
verses are found to occur in MS. D in the seventh chapter 
between verses 9 and 10 of our edited text. In P they are 
included in the text and are numbered as 10 and 11. 

1 tithyardhaharalabdhani karanani bavaditah 1 
virupani site pakse sarupanyasite vidul II 

2 atyasiivi'svankdrahkatithyapta baijasagarah I 
bimbani bhusuladvyasaslghrakarnantaraih punah H 



VI 
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^ ^r%sfsi% fife fin% ii 1 
[Translation. 45 severally divided by 17, 13, 11, 9, and 15 
are the mean diameters (in minutes of arc) of the planets 
beginning with Mars {i.e., of Mars, Mercury Jupiter Venus, 
and Saturn). Each diameter should be multiplied by the diffe- 
rence between the sighra-karna and the radius 8 and then divided 
by the sum of the sighra-karna and the radius; 2 and whatever is 
obtained should be added to or subtracted from the mean 
diameter, according as the sighra-karna is less or greater (than the 
radius 1 . Thus are obtained the true diameters (m minutes 
of arc) ] 

• These two verses do not belong to the text because their 
contents are not in conformity with the teachings of Bhaskara I. 
The first of the two verses gives the mean diameters of the 
planets which are different from those given in the Mahi- 
BhSskariya* both in absolute and relative magnitudes as is clear 
from the following table : 

Mean Diameters of the Planets 



Mean diameters in minutes of arc 



Planet 


Maha-Bhtskariya 


The first verse under consideration 


Mars 


32/25=1 28 


45/17 = 2 64 


Mercury 


32/15=2-13 


45/13=3*46 


Jupiter 


32/10=3-2 


45/11=4-09 


Venus 


32/5=6*4 


45/9=5 


Saturn 


32/30= 1 06 


45/15=3 



1 hataa prthak'slghrakarmvyasayogena bhajitam I 

karne hine'dhike svarnafii kuryad bimbe sphutath bhavet U 
* The word vyasa here means "radius". 
8 vi. 56. 
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The second verse gives the following formula for the true 
diameter of a planet: 

True diameter = mean diameter 

mean diameter X (slghra-karna— radius^ 

slghra-k&rna+ radius 

mean diameter X radius 

$ (slghra-karna + radius) 

The corresponding formula given by Bhaskara I in the MahH- 
Bhaskarlya is 1 

mean diameter x radius 

true diameter = — • 

(stghra-karna x manda-karna) /radius 

The two formulae are fundamentally different, because the 
former is based on the assumption that the true distance of a 
planet is equal to 2 

£ (Stghra-karna + radius), 

and the latter is based on the assumption that the distance of a 
planet is equal to 

(slghra-karna x manda-karna) /radius, 
The verses in question occur in MS. D, which contains the 
commentary of Paramesvara, but have not been commented 
upon by the commentator. Evidently they are quotations cited 
by the commentator. 

Discarding the additional verses of Chapters I and VII and 
counting that of Chapter II, the text edited by me comprises 
214 verses. The size of the Laghu-Bti&skarlya is thus approxi- 
mately half that of the MahS-BhUskariya which contains 403^ 
verses. 

1 Cf. MBk, vi. 

2 This is in agreement with what Burgess interprets to be the meaning of 
SJiSi, vii. 13-14. Cf. E. Burgess, Translation of the Sury a-Siddhanta, Calcutta 
(1935), p. 195. The mean diameters of the planets given in xhtSurya-Siddhanta, 
however, do not agree with those stated in the first verse above. 
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Reading-differences, In the determination of correct readings 
I have adopted the same principle as followed by me in the Maha- 
BhSskartya. 

English Translation. The English translation supplied by 
me is as far as possible literal. Where necessary additional 
explanatory matter is enclosed within brackets. The translation 
is preceded by a brief N gist of the passage translated and is 
followed where necessary by short notes and comments. To 
avoid repetition passages having parallels int^e Mahi-BhSskanya 
have not been commented upon in detail. Parallel passages in 
the Maha-Bhaskartya have been indicated in the foot-notes and 
the reader should refer to them for details. Technical terms are 
explained in the (glossary given at the end of the book and the 
reader can conveniently refer to it when necessary. 

In the end of this Part, I have added two appendices con- 
taining 

1. Theory of the pulveriser as applied to problems in 
astronomy by Bhatta Govinda. 

2. Passages from the Laghu-BhZskartya quoted or adopted 
in later works. 

, Contents of the Lagku-BhSskariya. The Laghu-BMskanya^as its 
name implies, is the smaller work on astronomy by the author. 
From the closing stanza of this work, it is clear that the author 
wrote this work for the benefit of young students with immature 
mind by condensing and simplifying the contents of his bigger 
work, called MahS-Bhdskdriya or Kwrma-nibandha: 

"For acquiring a knowledge of the true motion of the 
planets by those who are afraid of reading voluminous 
works, the Karma-nibandha has been briefly told by 
Bhaskara." 

The Laghu-Bhdskariya is divided into eight chapters. The 
first chapter contains 37 verses and deals with the calculation 
mean longitudes of the planets. 
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Verse 1 pays homage to the Sun and Verse 2 to Myabhata I. 
vZ 3 ' an appreciation of Aryabhata I and h, S work. 

Ya -Ja method for determining the number of days 

yCarS ' u n »™\ rule for calculating the mean 

Verses 15-17 give the general rule 

loneitudes of the planets, etc 
Vers 18-22 state the positions of the apogees of the p.anets and 

,he dimensions of the epicycles of the planets. 
Verse 23 specifies the position of the Hindu pome mendta. 
Verses 24-29 are devoted to the determination of the long.tude of 

a place. 

Verse 30 gives the criterion for knowing whether the local place 
is to the east or to the west of the prime meridian. 

Verses 31-36 relate to the longitude correction to the mean longi- 
tudes of the planets and its justification and importance. 

Verse 37 differentiates between the longitude-correction and the 
fcwnfowfl-correction. 

A detailed treatment of the longitude-correction is a 

remarkable feature of this chapter. As many as fourteen verses 

are devoted to this topic only. 

The second chapter contains 41 verses and is devoted to the 

calculation of the true longitudes of the planets. 

Verses 1-20 relate to the determination of the Sun's true longi- 
tude. Of these, verses 1-4 deal with the Sun's equation o 
the centre, and the Sun's correction for the equation oi 
time due to the eccentricity of the ecliptic; verse 5 gives 
approximate formulae for the latter correction m the cast 
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of the Sun and the Moon ; verses 6-7 give a rule for finding 
the true distances of the Sun and the Moon; verses 8-15(ii) 
relate to the calculation of true daily motion (in longitude) 
for the Sun and the Moon; verse 16 gives a rule for finding 
the Sun's declination from the Sun's longitude; verses 
17-18 give a rule for finding the Sun's ascensicnal differ- 
ence; and verses 19-20 relate to the Sun's correction for 
the Sun's ascensional difference {i.e , for the difference of 
times of sunrise at the local place and at the place where 
the local meridian intersects the equator). 

Verse 21 gives a rule for finding the lengths of day and night 
when the Sun is in the northern or southern hemisphere. 

Verses 22-24 deal with the corrections for the Moon. 

Verses 25-28 relate to the calculation of naksatra, titki, and kamna, 
which form three important elements of the Hindu Calen- 
dar. 

Verse 29 relates to the classification of the phenomena called 
vyaiipata. The remaining chapter deals with the planets, 
Mars, etc. 

Verse 30 gives general instructions relating to the planets. 
Verses 31-32 relate to the conection to be applied to the tabu- 
lated epicycles of the planets. 

Verses 33-37 (i) give the method for finding the true longitude 
in the case of Mars, Jupiter and Saturn. 

Verses 37(ii)-39 give the corresponding method for Mercury and 
Venus. 

Verse 40 gives the criterion for knowing whether a planet is 
stationary. 

Verse 41 states the method for finding the true daily motion of a 
planet, direct or retrograde. 

The third chapter comprises 35 verses and deals with the 
determination of directions, time, and place, with the help of the 
shadow of the gnomon. 
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Verses 1-2 (i) give the method for finding the directions— east, 
west, north, and south. 

Verses 2(ii)-3 give a rule for finding the local latitude from the 
equinoctial midday shadow. 

Verses 4-6 relate to the times of rising of the signs at the equator 
and at the local place. 

Verses 7-11 and 12-15 give rules for finding the Sun's altitude 
and zenith distance with the help of the time elapsed since 
sunrise (in the forenoon) or to elapse before sunset (in the 
afternoon), and vice versa. 

Verse 16 relates to the determination of the sahkvagra (i.e., the 
distance of the Sun's projection on the plane of the celestial 
horizon, from the Sun's rising-setting line). 
Verses 17-19 give a method for finding the longitude of the 
rising point of the ecliptic with the help of the Sun's instan- 
taneous longitude and the time elapsed since sunrise. 
Verse 20 gives a rule for finding the time elapsed since sunrise 
with the help of the instantaneous longitudes of the Sun and 
the rising point of the ecliptic. 

Verse 21 relates to the determination of the Rsine (= Radius X 
sine) of the Sun's agrt [i.e., the distance between the east- 
west line and the Sun's rising-setting line). 

Verses 22-23 relate to the calculation of the Sun's prime vertical 
altitude and the derivation of the shadow of the gnomon 
therefrom. 

Verses 24-25 give a rule for finding the Sun's longitude with the 
help of the prime vertical shadow of the gnomon. 

Verse 26 gives a rule for finding the arc corresponding to a given 
Rsine. [The converse of this was already given in ii. 
2(ii)-3(i).] 

Verses 27-28 give a rule for finding the Sun's altitude and zenith- 
distance, and the midday shadow of the gnomon with the 
help of the Sun's declination and the local latitude. 
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Verses 29-33 relate to the determination of the Sun's longitude 

from the midday shadow of the gnomon. 
Verse 34 gives a rule for finding the Sun's declination with the 

help of the local latitude and the Sun's meridian zemth 

distance. , t . , . , 

Verse, 35 relates to the determination of the local latttude with 
the help of the Sun's declination and the midday shadow of 
the gnomon. 

The fourth chapter contains 32 verses and is devoted to the 
calculation of a lunar eclipse and also to the graphical represen- 
tation of an eclipse. 

Verse 1 gives an approximate rule for finding the longitudes of the 
Sun and the Moon for the time of geocentric opposition or 
• conjunction of the Sun and Moon. 

Verse 2 states the mean distances of the Sun and the Moon, and 
verse 3 gives a rule for finding their true distances. 

Verse 4 states the measures of the diameters of the Sun, Moon, 
and the Earth. 

Verse 5 gives a rule for finding the angular diameters of the Sun 
and the Moon. 

Verses 6-7 relate to the determination of the diameter of the 

Earth's shadow where the Moon crosses it. 
Verse 8 gives a rule for finding the Moon's latitude for the time 

of opposition of the Sun and Moon. 
Verse 9 gives a rule for finding the measure of the Moon's 

diameter unobscured by the shadow. 
Verses 10-13 relate to the determination of the durations of eclipse 
before and after the time of opposition of the Sun and Moon 
and of the times of the first and last contacts. 
Verse 14 gives a rule for finding the durations of totality before 

and after the time of opposition of the Sun and Moon. 
Verses 15-21 relate to the determination of the so called valana, 
which is required in the construction of the figure of an eclipse. 
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Verse 22 relates to the conversion of minutes of arc into ahgulas. 
Verses 23-30 relate to the construction of the figure of an eclipse. 
Verses 31-32 relate to the construction of the phase of an eclipse 
for the given time. 

The fifth chapter consists of 15 verses and deals with the 
calculation of a solar eclipse. 

Verse 1 gives the definition of the so called "local divisor" to be 
used later. 

Verses 2-8 (i) relate to the determination of the drkksepa-jylk and 
dfggati-jy*. 

Verses 8(ii)-10 and 1 1 relate to the determination of the lambam- 
ghafh (i.e., the difference between the parallaxas in longitude 
of the Sun and Moon, in terms of ghafis) and the nati (i.e., 
the difference between the parallaxes in latitude of the Sun 
and Moon) for the time of apparent conjunction of the Sun 
and Moon with the help of drkksepa-jyH and drggati-jyi. 

Verse 12 relates to the determination of the Moon's true latitude 
{i.e., Moon's latitude corrected for parallax) for the same 
time. 

Verses 13-14 give a rule for finding the durations of a solar 
eclipse before and after the time of apparent conjunction 
of the Sun and Moon. 

Verse 15 gives the condition for the impossibility of a solar 
eclipse. 

The sixth chapter contains 25 verses and deals with the 
visibility of the Moon, the phases of the Moon including the 
elevation of the Moon's horns, and the rising and setting of 
the Moon. 

Verses 1-4 deal with the visibility corrections (aksa-drkkctrma and 
ayana-drkkarma) . 

Verse 5 gives the minimum distance of the Moon from the Sun 
at which she becomes visible. 
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Verses 6-7 give a rule for finding the measure of the Moon's 
illuminated part in the light half of the month and the 
measure of the Moon's unilluminated part m the dark halt 

of the month. 

Verses 8-12(i) relate to the calculation of the base of the eleva- 
tion triangle. 

Verses 12(ii)-18 relate to the construction of the figure exhibiting 

tL elevation of the lunar horns in the first and second quar- 

ters of the month. 
Verse 19 Rives a rule for finding the duration of visibility of the 

Moon in the light half of the month. 
Verses 20-21 relate to the time of rising of the Moon on the full 

moon day. 

Verse 22 relates to the determination of the shadow of the 

gnomon due to the Moon. 
Verses 23-25 gives a rule for finding the time of moonrise in the 

dark half of the month. 

The seventh chapter comprises 10 verses and deals with the 
visibility and conjunction of the planets. 

Verses 1-2 give the minimum distances of the planets from the 

Sun. in degrees of time, at which they become vsrble. 
Verse 3 gives the method for finding the degrees of time between 

the Sun and a planet. 
Verses 4-5 give a rule for finding the time and common longi- 

Le of two neighbouring planets when they are m conjunc- 

tion in longitude. 
Verses 6-9(i) give the method for finding the latitudes of the 

planets. 

Verses 9-10 relate to the determination of the distance between 
two planets which are in conjunction in longitude. 
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The eighth chapter is composed of 19 verses and deals with 
the conjunction of a planet with a star. 

Verses 1-4 state the longitudes of the junction-stars of the twenty- 
seven zodiacal asterisms. 

Verse 5 defines the conjunction of a star with a planet. 
Verses 6-9 state the latitudes of the junction-stars of the twenty- 
seven zodiacal asterisms. 
Verse 10 relates to the conjunction of the Moon with a star. 

Verses 11-16 give the latitudes of the Moon when she occults 
some of the prominent stars of the zodiac. 

Verses 1 7-18 give two astronomical problems on indeterminate 
equations. 

Verse 19 states the object, scope and authorship of the book. 

A comparative study of the contents of the Mahi-Bhdskartya 
*and the Laghu-Bh&skariya confirms the author's claim that the 
latter work is an abridgement of the former. The Laghu-Bhas- 
karlya is, truly speaking, a well-planned summary of the MaK&- 
Bhllskarlya, in which the unnecessary or irrelevant rules have been 
omitted, the defective or erroneous rules ha^e been rectified or 
replaced, and some new rules which were considered important 
for the beginner have been added. 

The following table provides a comparative analysis of the 
rules occurring in the two works. It will show at a glance which 
of the rules of the MahZ-BhZskarlya occur in the Laghu-Bhaskariya 
in abridged or modified form, or have been omitted in the Laghu- 
Bh&skarlya, or which of the rules of the Laghu-Bficlskarlyd have 
no counterpart in the Maha-Bttiskariya. 
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Laghu-Bhaskariya 


Jl/fsihH RhUtlr/lTiv/] 


Loghu-Bhiskarlya 


Maha-Bhaskariya 


ii. 26(ii)-27 


iv. 31-32 


iii. 4 


iii. 8 


ii. 28 


iv. 33 


iii. 5 


iii. 10 (i) 


ii 29 


iv. 35 


iii. 6 


iii. lO(ii) 


ii. 30 


iv. 37 


iii. 7-10 


iii. 18-20 


ii. 31-32 


iv. 38-39 


iii. 11 (i) 


iii. 25 


it. 33-37 (i) 


iv. 40-43 


iii. 11 (ii) 


iii. 26 


ii. 37(ii)-39 


iv. 44 


Hi. 12-15 


iii. 27-28(1) 


ii. 40 


— 


iii. 16 


iii. 54 


ii. 41 


— 


iii. 17-19 


iii. 30-32 


— 


iv. 2 


iii. 20 


iii. 34-36 


— 


iv. 4(ii)-5 


iii. 21 


iii. 37 


— 


iv. 19-20 . 


iii. 22-23 


iii. 37-38 


— 


iv. 21-23 


iii. 24-25 


iii. 41 


— 


iv. 24 


iii. 26 


viii. 6 




iv. 25 


iii. 27-28 


ui. 1 1 


— 


iv. 36 


iii. 29-33 


iii. 13-16 


— . 


iv. 45-46 


iii. 34 


— 


— 


iv. 47 


iii. 35 


iii. 17 


— 


iv. 48-54 


— 


iii. 3 


— 


iv. 55 


— j 


iii. 9 




iv. 56-57 




iii. 12 




iv. 58-63 




iii. 21-24 


iii. 1 


iii. 1-2 




iii. 29 


iii. 2-3 


iii. 4-5(i-iii) 




iii. 33 
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Laghu-Bhaskarlya 



iv. 1 

iv. 2 
iv. 3 
iv. 4 
iv. 5 
iv. 6 
iv. 7 
iv. 8 
iv. 9 
iv. 10-12 
iv. 13 
iv. 14 
iv. 15-16 
iv. 17 



Maha-Bhaskarlya \Laghu-Bhaskartya 



iii. 39 
iii. 40 
iii. 42-45 
iii. 46-51 

iii. 52 

iii. 53 

Hi. 55 

iii. 56-60(i) 
iii. 60(ii)-61 

iii. 62 

iv. 64 

v. 2 
v. 3 

v. 4 

v. 5 

v. 71 s 72(i) 
v. 72(n)-73 
v. 30-31 (i) 



v. 74-76(i) 
v. 35 
v. 76(H) 
v. 42-44 
v. 45 



iv. 18 
iv. 19 
iv. 20 
iv. 21 
iv. 22 
iv. 23-30 
iv. 31-32 



Maha-Bhaskariya 



v. 2-4(i) 

v. l,4(n)-7(i) 

v. 8(ii)-10 

v. 11 

v. 12 

v. 13-14 

v. 15 

vi. 1-2 
vi. 3-4 
vi. 5 
vi. 6-7 



v. 46-47 (i) 
v. 47(H) 



v. 54(i),77 
v. 53(H) 
v. 48-58,61 
v. 62-65 
v. 6-7 
v. 32 
v. 40 
v. 41 
v. 59-60 
v. 66-67,68-70 
v. 8-11 
v. 12-23 
v. 24-27 
v. 28-29 
v. 31(H) 
v. 34-39 

v. 33 

vi. l-2(i) 
vi. 2(ii)-3 
vi. 4(ii)-5(i) 
vi. 5(ii)-7 
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Laghu-Bhaskarlya 


Maha-Bhaskarlya 


Lagkur-Bhaskariya 


Maha-Bhaskarlya 


vi. 8-12(i) 


vi. 8-12 


— 


vi. 32-38 


vi. 12(ii)-17 


vi. 13-17 


— 


vi. 39-41 


vi. 18 


vi. 19 


— 


vi. 42 


vi. 19 


vi. 27 


— 


vi. 45 


vi. 20-21 


vi. 22 




vi. 56-60 


vi. 22 


— 


— 


vii. 17-19 


vi. 23-25 


vi. 28-31 


— 


vii. 20-35 


vii. 1-2 


vi. 44, 46(i) 


viii. 1-4 


Hi. 63^66(i) 


vii. 3 


vi. 46(ii)-47 


viii. 5 


Hi. 70(H) 


vii. 4-5 


vi. 49-51 


viii, 6-9 


viii. 66(ii)-70(i) 


vii. 6-10 


vi. 48, 52-55; vii. 9-10 


viii. 10 






vi. 18 




Hi. 71' (i) 




vi. 20-21 


viii. 11-16 


Hi. 71(H)-75(i) 




vi. 23-26 


viii. 17-18 





The arrangement o f the contents of the Laghu-BHiskafiya is 
more systematic and logical than that of the Mahi -Bttskariya 
and is, at the same time, in keeping with the general practice fol- 
lowed by the other Hindu astronomers. 

Popularity of the Laghu-BMskarlya. In Part I, I have shown 
that both the MaM-BhZskarlya and the Laghu-BKiskar ya were 
popular works, having been studied in south India up to the end 
ot the fifteenth century A. D., the former due to its being an 
authoritative work on Aryabhata I's system of astronomy and 
the latter being an excellent text-book for beginners in astro- 
nomy. 

Evidence of popularity of the Laghu-Bhlsharlya is furnished 
by the numerous quotations from this work that are found to 
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occur in the annotative works of Suryadeva (b. 1191 A.D.), 
Yallaya (1480 A.D.), NUakantha (1500 A.D.), Raghunatha 
Rnja (1597 A.D.), Govinda Somayajt and Visnu 6arma, and in 
the Prayoga-racariS, an anonymous commentary on the MaKi- 
BHiskarlya. Quotations from the Laghu-BhZskarlya are found to 
occur not only in astronomical and astrological works but also in 
works on other subjects. For example, one quotation occurs in 
Karavinda Svaml's commentary on the Ap&stamba-sulba-butra. 
Some passages from the Laghu-BhZskariya have also been adopted 
verbatim or with slight verbal alterations in the Tantra-sahgraha 
of Nllakantha (1500 A. D.). A list of passages quoted or 
adopted in later works is given in Appendix 2 at the end of this 
book. 1 

Another evidence of the popularity of the Laghu-Bhiskarlya 
is the occurrence of commentaries on this work, written in 
Sanskrit as well as in provincial vernaculars, such as Malayalam 
and Tamil. Amongst the notable commentators may be men- 
tioned the names of &ankaranarayana (869 A. D.), Udaya- 
divakara (1073 A.- D.) and Paramesvara (1408 A.D.). 

Authorship. The author of the Lagku-BhSskartya bears the 
name Bhaskara as is evident from the closing stanzas of his 
works, the MakS-Bfi&skarlya and the Laghu-BhSskartya. But he is a 
different person from his namesake of the twelfth century A. D., 
the celebrated author of the Siddhlinta~kiromani> IMHvaii t and 
Bijaganita, etc. He lived in the seventh century of the Christian 
era and was a contemporary of Brahmagupta (628 A. D.). To 
distinguish between the two Bhaskaras, I have called the author 
of the Mah&'bhftskariya and the Laghu-Bhaskarlya by the name 
Bhaskara I and the author of the Siddhinta-siromani by the name 
Bhaskara II. 

1 Sec pp. 115-119. 
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In addition to the two works mentioned above, Bhaskara I 
wrote one more work on astronomy, viz. a commentary on the 
Aryabhatiya. In Part I, I have shown that the three works of 
Bhaskara I were written in the following chronological order: 

( 1 ) The MaM-BUskarxya 

(2) Commentary on the Aryabhatiya 

(3) The Laghu-Bh'Sskartya 

At two places in the commentary on the Iryabhaflya, Bhas- 
kara I has mentioned the time elapsed since the beginning of 
the current Kalpa (Aeon). Thus in his commentary on the 
eighth gttikZ-sutra (1, i. 9), he writes: 

"Since the beginning of the (current) Kalpa (Aeon) the 
number of years elapsed is this: zero, three, seven, three, 
twelve, six, eight, nine, one (proceeding from right to left) 
years. The same (years) in figures are 19861 23730." 1 

Under the same gltikH-sutra, he again writes: 

"The time elapsed, in terms of years, since the com- 
mencement of the (current) Kalpa is zero, three, seven, 
three, twelve, six, eight, nine, one (years). The same (years 
written in figures) are 1986123730." 2 

Now the number of years elapsed since the beginning of the 
current Kalpa at the commencement of Kaliyuga 3 

= 6 manus +27% yugas 

~6 x 72 yugash 21\ yugas 

= (432 + 11 1/4) x 4320000 years 

= (1866240000 + 119880000) years 

= 1986120000 years. 



1 ^FTT^5^T^^T Srs^TfofefrntrT: «|i4fc<MI*<WNlTON*: I 

1986123730. 

a w 1986123730. 
1 See a. i. 5. 
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Therefore the number of years elapsed since the beginning 
of Kaliyuga at the time of writing the commentary 

-1986123730-1986120000 years 
=3730 years. 

The year when 3730 years of Kaliyuga had elapsed was the 
year 629 of the Christian era. Bhaskara I's commentary on the 
Aryabhafiya was, therefore, written in 629 A. D., i.e., exactly one 
year after Brahmagupta wrote his Br^kma-sphufa-siddkSnta. The 
MaKi'Bk&sharlya was written earlier and the Laghu-BKiskariya 
later than this date. 

The place of birth and activity of Bhaskara I is not definitely 
known. On the basis of circumstantial evidence supplied by his 
works I have shown in Part I that he had associations with the 
countries of Asmaka and Surastra. His commentary on the 
Aryabhafiya was probably written in the city of Valabhl in 
Surastra. It may be that Bhaskara I was born and educated in 
Asmaka and migrated to Valabhl where he wrote his commen- 
tary on the Aryabhafiya, or that he was a native of Valabhl and 
got his education in the Asmaka country. (For details, see 
Parti). 

Bhaskara I has a special predilection for calling Aryabhata I 
by the name Asmaka, his Aryabhafiya by the name A'smaka-tantra 
or Asmakha, and his followers by the epithet AsmaktyZh. 
Preference for these unusual names to the usual ones seems to 
suggest that either Bhaskara I belonged to the Asmaka country 
or that there was a school of astronomy in that country whose 
exponents where "followers of Aryabhata" and to which Bhaskara 
I himself belonged. As Datta has observed, 1 Bhaskara I was 
undoubtedly the most competent exponent of Aryabhata I's 
school of astronomy (the Asmaka school). (For details, see 
Part I). 

1 B. Datta, "The Two Bhaskaras," Indian Historical Quarterly, Vol. VI, 
1930, pp. 727-736. 
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The Asmaka country (or Asmaka Janapada) is mentioned 
in both Hindu and Buddhist literatures, where it means either 
(i) a country in the north-west of India, or (ii) a country lying 
between the rivers Narmada and Godavar*. The Asmaka of 
Bhaskara I was evidently the latter one. 

As regards the personal history of Bhaskara I, it appears 
from his works that he was a Brahmana, a worshipper of God 
&va. He seems to have been a teacher by profession, in which 
capacity he earned a great name and fame. Later writers have 
shown their respect to him by addressing him by the epithet 
guru. Thus Sahkaranarayana, in the beginning of his commentary 
on the Laghu-Bftiiskariya, says : 

"Having paid homage by lowering my head to 
Acarya Aryabhata, Varahamihira, hnmadguru Bhaskara, 
Govinda, and Haridatta, one after the other, I give out ... ***■ 
So also says Udayadivakara : 

"Having bowed to Muiari, the Lord of the entire world, 
and also having paid respectful homage to Acarya Aryar 
bhata, I write an extensive exposition of the smaller work 
on astronomy composed by guru Bhaskara." 2 

The professional ability of Bhaskara I is clearly evinced 
by his works which were studied in India up to the end of the 
fifteenth century A. D. (or even after) and on which a number 
of commentaries were written. His commentary on the Arya- 
bhailya, in particular, has been recognized as a work of great 
scholarship, and he has been called sarvajna bKisyakHra ("all- 
knowing commentator*' ) . 
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Though essentially an astronomer and mathematician, Bhas- 
kara I, in his commentary on the Iryabhatlya> displays a 
thorough knowledge of Sanskrit grammer and Vedic literature 
m general, and seems to be well-read in other branches of 
Sanskrit learning also. 

As an astronomer Bhaskara I was a follower of Aryabhata I 
and, as already mentioned, belonged to the Asmaka school of 
astronomy. His works put before us a complete and clear 
picture of the teachings of Acarya Aryabhata I and throw 
fresh light on the development of astronomy during the sixth 
and seventh centuries A. D. His works are thus of special signi- 
ficance to historians of Hindu mathematics and astronomy, who 
are now in a position to have 1 a clear glimpse of the astronomical 
conditions prevailing in the sixth and seventh centuries A. D. 
in the Asmaka country which was the main seat of Aryabhata I's 
system of astronomy. In the absence of the works of Bhaskara I, 
many a passage in the Iryahhafiya of Aryabhata I would have 
remained obscure to us. 

In conclusion I take the opportunity to express my sincere 
thanks to Dr. Ram Ballabh, Professor of Mathematics, Lucknow 
University, for taking keen interest in my work and offering 
helpful suggestions and advice from time to time, and for 
affording all facilities in my researches. 

I must also express my thanks to my Research Assistant, 
Sri Markandeya Misra, Jyotisacharya, for the assistance rendered 
by him to me. 

My thanks are also due to Sri R. Chandra of Star Press, 
Lucknow, for their unfailing courtesy and fare in the printing 
of this book. 



K. S. Shukla 
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wr^rctsfsspre^TO: ^^cTT^TT: II * II 

fe^TTfa mmfr sr%Trc*r pre*: II % II 



^T^f%3T^frH^srTf^T^^?^: ^ * II \9 II 



tt?5^ B, P. * srfwcrs^sfq- A. 3 *§£T«rf A. y ^ftsfs^rsrFcr^^rT- 
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fawrsq-^ta^ 3 m «ft% faqro* it ^ h 

^TSTTW T^T* f^WcT:" I 




anpftat fa$rRr*ft f^ft^r fw^r% u ^ u 

^ 1™ f^T: stfT*^:* 3 11 y£ It 



1 ^$tarfa% A; 33T^frs^;f^ D, P. * ptisg A: °^fkf B. 
3 fo-nfa^TFT B; fa^TFRtoRt D. *m£t *ft% faqjfaw A; »ft*r mmEitq q: 
D, P. ^ a. « qwrrafW C. * °fa*frTs* C. « c^r A. 11 sjst- 
A; ^^ft B. *»°$&nhwT A; °r<^T B; °*nfcMm C. 
,1C?I ^A. "iram^ A; T5TT*r3W B. ^ wkw i A; °*t^t: 

B. 1 * °?foTforaift A. « jtt^t A; *t° B. 

U ^B. 1 « »raFr% A, B. '"'sRTfsRr: A. ,n( R%B. * 4 D. 
"*&% D. ^wA. **?rit A. 




^T^O^t^TT TF^ftSFft: II 30 It 



ft O ^" > ^ 

^ g g<|Ti-»T « WT ^T^TW^fa^fa : c II 3^ It 

sfteferT Weft snft: f^T WWW: , ° t 
^rfef' 1 ' 1 waft f^rfcr ^fST^: *r 11 3* 11 



*T?^T Jfe^r SR>*r era; ^T^it i 
*$dqfa W 5T>5%^'' ^T^cT: ?§it II ^ It 

4d*f R*t V%fg&r. ^^T^T ZRT I 



1 ^^Ptfe P. * A, P. 3 *tar P. "* °%™n P. <\n: A, P. 

* -°tft A. * °w3fi*° P. c °^ppwF% * A. * D. * • <E*f 3 arci 
A; f^TO%° P. ^ itfssm A. * 51 qTcrfa^T A. ,3 f?f B, P. ^ v *nfq<r A. 
51 j*nf%^;3<Tr ^ B. ,s ^rf<r A, D. <*>*r ^r<r° D, P. "» e ^nr D. 
A, B; P. jp^q^F D, P. M ^s^^ft 

C, D. 




05^t: ^>in# *5»Ml«tc<»i+l m* n 11 

Fr^Pft^ * *faT5 s*T^T fSfTfccT: II ^ II 
^ d-m ^ ^ ^TT: 5^r: W^fVr: 5JT«ll^ , ui*H<I*rc: II II 

5TRT%JT JT^^T WfTFq% II £ II 

^m^^' ^f^T 5PTT *$ZT II V U 

i ^TO A; «° P. * 3«u«Hft A; ° feft D. 3 i«r 
A. * ^i di ^ A; P. A, B; P. 

s OT p. » ^< H<r a cTT: A; °#refa^*3T D. * 5° p - 

**Tc^ A. A; °Pl^D. " "iffrsflw! A. "JJ 

A; f& a < 3 wnsrrar B. P. A. « P 

P. n < °??n^T A. * sftttt A; B. srarr B. 



^ srctor ?tr> f^feqT v - s>*?fa*r II <\\ II 
sto^PPffr: refa: TOfTT ?Prer ^rf^r: | 

srrnrr f^^rr^crt ?r^rr ^reR: u <\* \\ 



' °*^<n A. * A, B. 3 sqsmr A. * A- 

D; °^nmr%# 3*** * p. ifrMf. A> <ST ^ £ 

missing from D. * we^ B; C, D, P. c A. * B, 

C; ^ssroteft D; P. ^ °^t A. " ^n?r A . ^ p 

^f^rrfsRr: p. wnwtf A. ^TF%ftw5gtf p. A C : 

^^ZHT A; D ,e A » G > D; ^frmihwifr B. 

STTHRrnr B. *• 5FTHcrFSTT>TT5T *rfr?3Ts A. TmT5T A. P 
* a *T*fipr:A. " " 



SRSTTft^r' '.^W* *1&$HI 5PTT II ^ II 

epfstt twtt ^TRt' 1 * *wi«R<*n*ira# 18 u w n 

^r^frf^ h! ^i*$^j 4 m *u fa <i : it ^ ii 
tow." 1 * srfa^sRt ^^rt x&im' u m^i" i 
fgrfWfr^ ^ 'Hi^^wgtf*" 11 ^ 11 
q vnH»ifrMiMHi *' ^fas%wr *pr: 1 
sun ^ ?r*mt *narcrfei%:** 11 11 

inir $^i«^*q ™ srcr ^trsjrracr: 11 ^ n 

^foilMta wlWWIMW :** ^ 51%:*'* II ^5 II 

fra^m 1 " T^TF^n^^ m Mflm i 3 * -Tfog^ i 

c[f$T<ipT T>T: ^T^t^^T II II 

s ^oof A, P*! *^wrt D. 3 ° w n«wtfai«dr A; °*Fffif?r C* v, r^ft- 
^35^% A; w Ki\Hi«w*Hfa P. A. « P. 

^^Prt P- c *wnft«i»r P. A. n • s*sm snr ^ w*»r A; ^RT° 
B, D. 11 P. ^ TflRBT A. "spa* ^°G; ^aft^RIT P. 

^ fam t qWwHN fc* A; fdmiyw tf wT** B, C, D. ^qf^sT A. 
« fostafc A; sfasta?r B, C, D. ^fifro B. ** A; *mB, P- 
* * ^rr^cr: A. *• ^i^^in^ P. ^ foPTnnTT A, B, G. °sf?*nft 
B. * 3 g^^wr^TW D. ft is missing from B. * H ^*tsf° P . 

&a ft* < ifo^rpm^T^T: A; »8wfa<ifiHn«wi ^WW B; D. 
**qwRforf?rA. * € T5nrnrD. ^ h^k i: A; M^frii : D. 3 ' 4»*u*t£lwti 
A,B. "*ifwC,D. 



for® tst 1 *fter JTcr^rnrar^r: i 

fafWrt sfsrJr ^hrJ- a*: 3 i 



*^**r&RW ^ A; *tfe*rtf* D. < nm* A ; G. MWI 

A « 1 " *rt ^rorar: A; B. *» ^ qref C, P. ; 



• 



■m4hwhV t& ^Hdi: sfsrerT* famft i , 
n<i srfarc: ?iten: g*rf^TTf^f»FT 3 u n u 

M ^4 A <|i«-S? % S t*l\l ft<H*l<U4l : v I 

Ffsiftawift eft cPfi^r ^mT^^nr u 3 u 

^fo^fcRt^' 1 3 ^UHJKWWI^ II \ H 

^"fa^ fffi STssft fa#r: tfterefSTO: 11 s 11 
faa*^* «T <PTOT a^l 4tl-^4t*4**l I** ^ II £ II 

vvte 'ETPi A. B. « °<nfoiT: A. "*^f: A* * °%m: A; 

gsr. C; [fo fqfil^^u fofaffrfef (without case-ending) + 5*5^] 
^^5it: A. '••fcrenarr A. " tffc ^ A, C, P; *$sr enrt: D. 
^**iA. , 3 JrtoPF A. ,Y #w° A. 1 ^ In place of ^ the 
commentator Paramesvara refers to the reading *ri§H° * * $*tfwzi 
A. ™°*raTT:B. '"toWA. * * <re<TT 5?*t A. 



I^H^^I^W ^TTSTT II ^ II 
fTc^T W\t<*\ teT55Pf ?ft^ *$^T II W II 

jfMn 5 dr^^ i rd <tct: %?sf to^ ii w ii 

^^JTf^TJTfi^M^^ 5 *nv$i I 

3T*I$# c <3o*M d«-qc*4tiV * 3%*' n ^vs II 

fa^T tecft iftc^T fk*% cH" Jl+<^d II ^5 II 

fr igifaH *p£* 3 iii^^NRi^^ ii ^ ii 
3Hiwwui*n«Hi u ii f%^ s rt ,l,1> ' ^kwi^ih i 

^ ^ ^ ii l ^^< II 3° II 

falcS^^ta *M*d< I 
ra-qr H^Pd pi M<Wf 75* H 31 II 



* D. * ftftaro P. 3 A. "twwMi^ fom: 

A, C; mi a ftdftvw : P. H °^Rt^w?r A. * °*rfoif A. 19 fi i mmiifr i 
Sfifa A; D, P. B ^ P. * 5RP£ A; B, C, D. 
1 • sftm^rew A, D. " PnimimmiH C; ft«wnww° P. ,% °5raft 
C. * * A ; v(vm% ^P. n "* A. 1 * % is missing from 

B. ,| * 5RnftT A; ° Jlfiac^t^f P. ***Pt is missing from B. 
* * ar*r is missing from B. ' * 5nfn B. *• if?: is missing from B. 

ftHHHM ilq A, " Wjgfaft A. * a Tc^r D. ^ ° »mnfcma A. 
w fiF5?r A- ' ^ ^ mh+w 3 A, D. 



1 era - %c%?S5rt 3R*rf A. 



fa T« w « r ra rergwft f^r *M ^r: H ^ » 

^^F^m^MM^^T^'^t * 5%: I* 
tor? ^F^r^f^r ft^n" n V n 



A; ***** ftf C. * ° Eddiftdt A; P. 3 w D, P. 

^ Frfcrsft ^T: P. * ^ C. * %^sf«T A. * B, C, D. e *nff A. 

A, C; *aTT*naiT D;" st*!rc»reN o P. 
fafoFmtf A; fafoFFRt B. "PnSfuSwfe* P. ^^Nt- 

^p. , «3srn^FT A. ^^prfofrA. ™*wRT*>ft A. ■* 5 irffcpmit 
A.* ^sn^tA. *«nora:«SA. **q*»r:A. D. ^ ftrow 

ft B; fowrc* ft° P. 




fwfe^T fc|5lwf^ a <3<cnfa : 41 II 

w«h«ci^^* ftfesr^; ii <^ ii 



a fofM^ A, C, D; faftpsRT P. v A; o^r^^. B . o^^, 

f%?rmt D; °*trfrm%: P. **$sr:B. « srw"5pr° B; ?wr*?R D. 
* A. « °tfp> A; T is missing from D. * A; D.P. 
1 • mfz % A. ^ ^ft«TR P. « s^i^fro^nftf^: A. 



<?F5r%iT ftrater <Tc?$&^r: u i n 

3?*nftefoT^ ?ftcIT^^rcqwf ,,, to ii n 

IT# ^SFiTRT fast ^q^S^rftcT: STSlt I 

^rmsfeifTfa: ^tr; ^nrfe II * II 
aRra^c^it sftaf 3 ^^raaTftam i 

GTOT^Wf ^T'^ ftr^TFT^ ^Tf# II ^ II 

3n^ftr^^^'T^ T ^ft s ^ rT l ii \3 n 



#t^t^^tt^° A; G. * ^ A; D. 3 s**rer- 

D. v q^T B. * WT: A. * **ITS*WTt: B. * B. « °TPT- 

A; °qprcinfafc D. * *rmt D. '••Twar D; S«r P. 
* * ^crftto A, B. « grtprrf A; 3^3*1* B. * 3 tf*r 
A- °?w ; 55ftwT D, P. w m" » i^ t b£ ° A; *w»inn*a3«tc*i ®> tottc P. 
^ ftonm A; fti tt* P. « ^rfiR A. *• °3<*rcife B. « ^fer. 
^gZTHcTT A, C, D, P. 



W<nj*llH*d+l*Wd ^W^f f^McHT It <n II 

Urgw [k\ <)*Tf^r#|^P * ^nf^f it <^ ii 

^cFTT3T?Rf?T^rs^ird-<l H?Tf%m^T: * 9 II <\\9 || 
ST*** ifTl^fessiitmf^ S^cPT™ II <F || 



1 sqT is missing from D; "sreffapr P. * °^Fsm B. 3 ^rr A. 
Y OT <Hti^i fef^r A; °^r<t«& B. * grfi A. 5 fafw° D. 18 °fef% 
s^«rr B; 5rf?^TT 5^° D. c °<ifa*pr B, P; ° g^rfH^cf : A. A =*f3Wf- 

A. ^^tfeB. ^T^B. ^S^STB. <i30 ^5RJTrA. ^^fifa 

A; B; *F"? P. "^^san^r A; ?FHcFn^>^%w C. ,s 
^ftmfercRTT3fT: A. 1 * °T^Tf B. 51 c °f?r^ fart^fa v^^^n A. 1 * src- 
G. °srwT^° A; "srerrfr B; °wr%° G. ^ sfrwn% A. ?r^- 
fS^ffe B; gnfrgffTfefo P. A, B, D; *$st P. A. 

^ °irrf^; B, °*t<tt: A, B; P. A, P. 



4<0\r&*<i <M I"! <*d^sl M <Tfr I 

^trmrfy^pt: srsf^* Sen* 5rt c n ^ n 

^ CT^II^mdlkir^ : f^T^TSW^^ II W II 

5fa «pPTrar(fa tpsstesiw: I 



* 



*«mf D. *&3net: D. D- D. 16 snn: 'P. 

*ST^fef A. °PT A. " °5PaT C ^TTTWRTftr 9 P. '"MfowsTiP. 

™ l^r is missing from D. ^ °^^r° D. * « °>TRrr<rTi^t: f**T 

fo° A; IWt C, P. * A; °* f» B, G, P. 
inftr A. 



^TWTTTT fow*dl fMfaTCTT* faqi ftT T; II ^ II 



TTfoflfaf^W fcqifcw 5TRT^ II M II 



MJd'*IWII*dd: sfteTT: sftsfrsxngr fadtlUqql : I 

h h Ui\*i hja 1 4T« ^i 1 ^ sterefsmT: n\3ii 

fw^n%ft TOP* JT^^ft^nwt: i 
^TT^KTff^ft ??T^^^^:: ,,,9 ST^tf^:^ || e; || 
fa#TfkfejW Kd 1 U <rd <(w*ft : ' * i 



A-. • * sfr A. 3 is missing from D * flft- 

^t^° A,B,D. * Mm*** A, D. « °*rrelr G. 4 ^pn: A. * *F^r- 
A. * <pfarcnr G. 1 • ottot^° A. , ^ ° 4><?mimi P. 
' * fsnf^T: B. * 3 *hi«m* ° A; ^ Wl ^m*) B. ^^rfofcr^: A; fsrfa- 
fafcppi: B,P. ^ B. 1 « wt: B. /»* c §rcr: A, °fWT: A. 

\* 5i5m?iTrfVT C; *P*rc¥aTCTfa D. ■ *• tfofc *) . B. " "forfait: A. 






* m&$* D, *NA. 3 ^t?5RT B. 



*n*rran?$r fort* *h^ 3 §*frft. ) 



' Missing from D. « fefc A ; faff p. * A v 



3tRT fsrfo TrTF faf^ftfafa: I 

srfespfa* ZTT^JTPTt *ftoRTTTT im^ll 

Wi SRiFT ff#T fetfc^ i^cnR^' II ^ II 
5ERTT*ftaTT SPfft ^cT cfRT ^AT3Tf%5TT^r'it: <l ^ I 

jth^ sf^nrTFrY 1 * ar^* ^^fanr:'** n un 

^ <rfajf ^ -TRRTt fawfe f^T^lWT: I 

sr^n^: wr: 5?ncfq" <r^* 8 2PT7iftr: sr i 



•■qsfcror A. A; croT B. 3 aiFxfi A. ^nsrawr 9 C. 

* canftRPEz B. 5 8T6CT*n>r A, P. 4 A; «n«n: B. c ?*rfecrrc° A; 
"stwt P. 11 fSrasrr A, C, P. 1 9 sn3*5PTA; ^i^snim B; mw&m: P. 
^. ?ttopt 3 f^rw* P. ^°»rnn*«ft A. * s *re?rT A. 1y otiPw^;A. 
^*gOT^rr° A; lfe5?B C, P. ^ A. ^isfr B. 

,c ?N A, G. *» * P. ag 03 * 1 B . p - " fe 5^° B: fa^^fa^S* 

P. fUr° B. * 3 yirftraq^ B. ^Tit B; °*nprpr G. 



f^T^: sfttBt ttr^^t snnsrcn u *\£ iP 



1 This verse is missing from G. 



aferi. RV, iii- U; vi. vii. \a 
arenF vii- \. 

a^i. w iii. V*. iv - ^ 
arenjr iii- 3 
arenftm iii- t$ 
ara^T vi- X 

to ii. 
srNi. v, 

ii. S^; iii. V, iv. "Rl viii. » 

anr iii. V, vi. *<>, 

snff i. S.-U, U 

avs^iv- ^ ^ vii. to 

ara^R ii. 

arfe i. v, *, ^, iii. X 
srfkwra' i. ^ 

<si$m iii. v. ^; vk W vii. 
viii. * 

v&m iv; U; vwj- 
a^aspuii.. 

arpprjili t^i; iii- 

a^ifcrsiii ^»,.^*» 
spT^^r^TTMiij 
affsprf^mT-iii. 3*- 
annrii. iv.- tv»£:v.- 

s«*S3y:*iv. ^ 



aprc iv. ^v; v. vii. 3 
are*! iv. ^; vi. U, 
spnT^f v. v 
arfssr i. KJ viii- =: 
sr^m^r iii. r<> 
ar^TRBi. ?«,; ii. ^ 

3T^?f&3RT'i. 

3Tt^t i: V9, n; - viii. % 
, srwfrfa i. ? o 
spit iv. vi. v 
appr i. S. 

sppi. ^\9j ii. 1%, iii. U, Rt, 
iv. ^; v. vi.AX, 
Ui vii. ?, vs; viii. 

X, * 
spfcr viii. 

snp^f ii. 

sppfaT iii. R ? ; vi. U 
sRifor i. ?s 

ST^^^T V. ^ 

anhrr ii. R« 
arsR^T v. 

Sf^lRIT i. e; 

arf%%^ iv. ?3; vi. 
sf&Sfa+H vi. U 
srfiRra^rra>'tf iv. \ 
ztiffi[m> ii. « 

srfw-i.^ ry; ii. 

srfjf^r viii; V9 
arRwfttii. ^K:' 



stfe viii. ? i 

trfm ii. ^e;; vi V3 

^"i. ?», iv. ?su v. ^; 
vi. «; 

i. ^; ii. ^o; v i. ^ ^ 
vi. 5 

3f*cft3wnrt«rr iii. 

ii. u 
srffiri. ?x 

s^ftFT ii. vi. ?o, ^ 
anfftpresr iii. q 
arfftnrrg ii. ^3 
sTftriwm iii. ?y 

srrfer ii. ^y 
viii. v 

amiTi. ^ 

i- *, ii. ^ ^ f ?Yj ^ 
*Y a ^e; iii. i v , Vf s e> 

^ ^; v. n; vi. ?, 
H, ^, ^y; viii. 3, 

S^i. ^ 

vi. ?©j ^e; 
^ i. 19; iv. v. H 
5*sii. ?«; Hi. n } ^ i v . 

3?, ^; vi. vii. y, 
?^wt iv. ^ 

^*r^ vii. v 
^Tgiii. U, vi. 
ii. $ 

ii. \l; vi. ^ V9 

s^irT'sit vi. % 

^^T^TT iv. * 



^PT5lTTO5r iv. ? H, 

^c^piPT^r sffar ii. 3 x 

^rTTiii. ?; vi. viii. ^ 

TO iii. 3o,n; iv. \%; viii. 

w 

S*«rta ii. ^o, 3?; in. s 
^i. ii. ^, v>, ^V; iii. u 

vi- ^, ^o, ^R; vii. 3 
^m^Ri i, 

^3 vii. 
^*ft<+*" iv. 1 5. 
^?stiv. ^ 
aftaii. ^ *t 
if vii. ^ 
5 RT ii. ^ 

ii. $ o 

i. ^, ii. vs ^v; iv. 
^, vi. ?y, U 
u. u 
*pw^"vi. ^ 

^i. U; ii. H; Hi. iv. vs; 

v. H; vi, y, viii. n, 
^sr vii. x 

iii. 3Y 

*™ i- 3* iii. ^e; i v . 

v. \a f ?°, ^ ; v i. u> ^ 
vii. 3; viii. ^ 
fT*T*rR vii. ^ 

*PT5ST vi. 

f iii. ^ 

i* ^o, ii. viL ^; viii. 

ff5T vil. ^ 



fftr ii. iii- re, 
iv. re, 3$; v. vi. v 

frftpfT viii. re 

ii. v, re, 3°; iv. ^v, ^, 
^, 3^; vi. re 

Wflfi fi ii. ??, re 

5>>fe ii. X, R } 3°; iv. ?vs; vi. re, 

^tfe^r ii. 3 
*Ftfem^T ii. ^ 
ifrtfe^sr vi. re 
^pt ii. XX, vi. v» 
*W<*m vi. vs 
f>»nT^T srfar ii. 3 x 
5FTt% iii. ^ ^R, T*, 3°, 33j 3*; 
v. vi. 3, £, re 
ii. v 
«?TTn^f vi. ? 

OTii. re, RR, 33; »i- W> 

iv. re 
fiaHnr viii. x^ 3 re 
fefcRJTT ii. X*; iii. re 
fsrf^jft viii. 

fafcriv. w vi. V> viii. re, re, 

fifff^rfc5R7T; vii. \9 

«S7 iv. re; v. % 

*a i. \9, re; ii. iv. *; v. XX 

ifaRT i. ^o; viii. X* 

ifcra" stPmt i. ^£ 

T5T ii. n, i". 

Tfai. 3,3s; ii. « 
iippariv. re, 3t; v. re 



»rer^ ii. re, iii- ^5 v * 

V; vi. R3 
5«i ii. re, «, re; iii- U, W 

iv. vii. ^; viii. re 
p i. ?<» 
T> iii. v 

»fto ii. iii. re 

Sfi. re, ii- 3°, *•; 

iv. re, u, ^; v. *• ; vi. rx; 

vii. re; viii. X\ 

i. U 
tf^ar iv. 

?r|H5<*T viii. U 

ms iv. 3^ 

^iv. re, ^, 3°, ^ 

snprm iv. 3^ 

sm? iv. X*, W 

^T^rf^ iv. H£ 

snares iv. 

*rfs*T iii. V9 

*r€t iii. re 

*rc ii. U; viii. ?«; 

W vii. 

^ i. X*'» ii- 

^spt%<<rr ii. v, ^3 

"^pmi. reJ 

^5RRf i. W 

^ii. ^v; iv. vj, XX, XV, vi. s 

re, V 

tTi+v) iv. « 
*RPTCT iv. U 

*fsz&3> vi. re 

iii. X X 
*rcsffanlii. X* 









^TOTT ii. ^3; iii. \, ?y 




... 

$3, u; v. ^; vni. 3 


=gra5 ii. ^ iii. Y, »; vi. * 




raf^r 111. R\ 


^5T%^ ii. 3c 




f^r^^ir ii. ^ 


-eW^'ri'M ii. 3n 




ftnh> i. ^ 


=^#5^ ii. 3$. 




5?tt iii. ^ 


^TT ii. U, 33, 3"*, iii. 


?Y, 


i. . 


3R, 33 




cprfc* iv. w v. H ; vi. 5. 


<*FPTPr ii. *y 




<f?*rfof?f v. vi. U 


^ttPrt ii. 3^ 




f^irr ii. iii. 3, $-> 3^; iv. 


=*roftT ii. Y* 




3/**; v. X; vi. vs 


^ i. Y 




fsnrtwf iii. iv. 


3[RT iii. \, 3, ?°, t^, Rv- 


-30, 


f^rcrftr vi. 3 


3Y, 3*; iv. * 




fwTT%5ft^T iii. ^s. 


sinn^T iv. *s 




PRTTTTl^TR VI. ^ 


WTTfa^rR iii. ^y 




^TTfsffi' ii. ?^ 


$5 i. w; iii. 




C^l^i Vlll. ^Y 


arafa i. 




ststt 111. ?3j 3°, 3t, 


fsrff viii. 




33 i IV. C, XY,~V. «, VI. 


aftan ii. -R, iii. c, s>?, ^y, 3^; 


S vii. is; viii. ^, » 


iv. =:; vi. 5. 




sfspmrr viii. 


sft^Pjfo ii.' \% 




??PT-^^R vii, S 


shf ii. y 




iv. ^3 


**TT iii. iv. 




i. ?o, ?3, ?*> ?s 
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English Translation 

OF THE 

LAGHU - BHASKARlY A 



CHAPTER I 

MEAN LONGITUDES OF THE PLANETS 



Homage to the Sun : 

1. I bow to the Sun— to Him with the help of whose mo- 
tion this true motion of the heavenly bodies is inferred even 
though the methods (adopted for the purpose by different 
writers) be different. 

Homage to Aryabhata I : 

2. Victorious is Aryafchata whose excellent fame has 
crossed the bounds of the (Indian) oceans and whose (treatise 
on astronomical) science leads to accurate results in far off 
places (even) after the lapse of so much time. 

Appreciation of Aryabhata I and his work : 

3. None except Aryabhata has been able to know the 
motion of the heavenly bodies : there the others (merely) move 
in the ocean of utter darkness of ignorance {ajnanabahaladhvanta- 
sagara) . 

Sankaranarayana reads alafn in place of nalam and so he interprets the 
passage as follows : "Those who endeavour to determine the motion of the 
planets with the help of other astronomical works than the Aryabhatlya move 
in vain in the ocean of utter darkness of ignorance". 

The compound word ajnanabahaladhvatitasagaramzy also be interpreted to 
mean "the ocean of the darkness of utter ignorance". 

in th? T ,0giZing * r yabhata T and his work on mathematics and astronomy 
n the above stanzas the author has indicated the system of astronomy that he 
1S going to follow in the present work. 

A rule for calculating the ahargana : 

4-8. Add 3179 to the (number of elapsed) years of the 
fcaka era. (then) multiply (the resulting sum) by 12, and (then) 
add the (number of lunar) months (expired) since the com- 
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mencement of Caitra. Set down (the result thus obtained) at 
(two) separate places; multiply (one) by (the number of) in- 
tercalary months in a juga, which are 15,93,336 in zyuga ; and 
divide (the product) by 5184 into 10,000 (i.e., by 5, 18,40,000). Add 
the (resulting complete) intercalary months to the result placed 
at the other place. Then multiply (that sum) by 30 and (to the 
product) add the (lunar) days (i.e., tithis) expired (of the cur- 
rent month). Set down (the result thus obtained) in two places; 
multiply (one) by the (number of ) omitted lunar days in ayuga, 
i.e., by 2,50,82,580, and divide by 1,60,30,00,080. The result- 
ing (complete) omitted lunar days when subtracted from the 
result put at the other place give the (required) ahargana. The 
remainder obtained on dividing (the ahargana) by 7 gives the 
day beginning with Friday at sunrise (at Lanka). 1 

• The above rule tells us how to calculate the ahargana, i.e., the number of 
mean civil days elapsed at mean suniise at Lahk^. 2 on a given lunar day 
(titki), since the beginning ofKaliyuga. The beginning ofKaliyuga, which 
is taken as the starting point of the reckoning of ahargana in the above rule, 
occurred on Friday, February 18, B.C. 3102, at mean sunrise at Lanka, when 
the Sun, Moon, and the planets are supposed to have been in conjunction at 
the first point of the naksatra Asvini (which is a fixed point situated near the 
star ^-Piscium). The duration of Kaliyuga, according to Aryabhata I, is 
10,80,000 solar years. Four times this (i.e., 43,20,000 solar years) is the dura- 
tion of a bigger period called pjyuga (or maha-yuga). 

The following table gives the number of lunar months, solar months, 
intercalary months (i.e., lunar months minus solar months), lunar days, civil 
days, and omitted lunar days (i.e., lunar days minus civil days) in ayuga : 



1 Cf. MBh, i. 4-6; vii. 6-7. 

2 Lanka is a hypothetical place on the equator where the meridian of 
Ujjain (long 75°52' E from Greenwich) intersects it. 



Months and Days in a Tuga 



Lunar months 
Solar months 
Intercalary months 
Lunar days 
Civil days 
Omitted lunar days 



1,60,30,00,080 
1,57,79,17,500 
2,50,82,580 



5,34,33,336 
5,18,40,000 
15,93,336 
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A lunar month is reckoned in Hindu astronomy from one conjunction 
of the Sun and Moon to the next. The first month of the year is called 
Caitra. A solar month is reckoned from the Sun's one transit into a sign to 
the next. A civil day is reckoned from one sunrise to the next. 

The Saka era referred to in the above rule started exactly 3179 solar 
years after the beginning of Kaliyuga. The following example will illustrate 
the above rule : 

Example. Calculate the ahargana for January 1, 1963 A D. 

From the Hindu Calendar we find that January 1, 1963 A.D., falls on 
Tuesday, the 6th lunar day (tithi), in the light half of the 10th month 
(Pausa), in the Saka year 1884 (elapsed). We therefore proceed as follows. 
Calculation : 

Adding 3179 to 1884, we get 5063. ... ... _ (J j 

Multiplying this by 12 and adding 9 (i.e., the number of lunar 
months elapsed since the beginning of Caitra), we get 60,765. ... (2) 

. ,«^nnn Plying ^ 15 ' 93 ' 336 " d dividin S the P^duct by 

5 18,40,000, we get 1867 as the quotient. (The remainder is discard- • 
ed, as it is not needed). 

* * *" * • . . (3) 

Adding this number (i.e., 1857) to the previous one (i.e., 60 7651 
we get 62,632: «>' u *v» 

.. (4) 

Multiplying this by 30 and adding 5 (i.e., the number of lunar 
days elapsed smce the beginning of the current month) to the pro- 
duct, we get 18,78,965. 

(5) 

1,60,30,00,080, we get 29,400 as the quotient. (The remainder is dis- 
carded, as it is not needed.) 

/ ** " ••• ... (6) 

iq ^n^r^ 5 th!S nUmber (i ' e -> 29 ' 40 °) from thc P™™™ one (i.e., 
18,78,965) we get 18,49,565. ... _ (7) 

This is the required ahargana. 
Verification : 

Dividing this ahargana by seven, we get 4 as the remainder. This shows 
that January 1, 1963 A.D., falls on the 5th day counted with Friday, i e on 
1 uesday, which is correct. 

Explanation : 

Kalifuga* 1 * ^ 8 ' VeS nUmber of solar y ears elapsed since the beginning of 
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Result (2) gives the number of mean solar months elapsed up to the 
beginning of the 10th mean solar month of the current year. 

Result (3) gives the number of complete mean intercalary months corres- 
ponding to (2). 

Result (4) gives the number of mean lunar months elapsed up to the be- 
ginning of the 10th mean lunar month of the current year. 

Result (5) gives the number of mean lunar months up to the beginning of 
the 6th mean lunar day of the 10th mean lunar month of the current year. 

Result (6) gives the number of complete mean omitted lunar days corres- 
ponding to (5). 

Result (7) gives the number of mean civil days up to mean sunrise (at 
Lankaj on the 6th mean lunar day of the 10th mean lunar month of the 
current year. 

Verification shows that this is equal to the number of mean civil days up 
to mean sunrise (at Lanka) on the 6th lunar day of the 10th lunar month of 
the current year. 

Also see my notes on MBk, i. 4-6. 

The mean lunar day may, sometimes, differ from a true lunar day by 
one, so that the ahargana obtained by the above rule may sometimes be in 
excess or defect by one. To test whether the ahargatja is correct, it should be 
divided by seven and the remainder counted with Friday. If this leads to 
the day of calculation, the ahargana is correct; if that leads to the preceding 
day, the ahargana is in defect ; and if that leads to the succeeding day, the 
ahargana is in excess. When the ahargana is found to be in defect, it should 
be increased by one; when it is found to be in excess, it should be diminished 
by one. 

Similarly, when a true intercalary month has recently occurred prior to 
the given lunar month or is about to occur thereafter, the true lunar 
month may differ from the mean lunar month by one. When a true inter- 
calary month has occurred prior to the given month and the intercalary frac- 
tion (which is discarded) amounts to one month approximately, then the 
quotient denoting the complete intercalary months is increased by one. When 
a true intercalary month occurs shortly after the given month and the inter- 
calary fraction is small enough, the quotient denoting the complete inter- 
calary months is diminished by one. 
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Revolution-numbers of the planets, etc., 1 in a period of 
43,20,000 solar years (called a yuga): 

9-14. (In a. yuga) the revolution-number of the Sun has 
been stated to be ten thousand times 432 (i.e., 43,20,000); of the 
Moon, 5,77,53,336; of Mars, 22,96,824; of Jupiter, 3,64,224; of 
Saturn, 1,46,564; of Mercury and Venus, the same as that of 
the Sun; of the Moon's apogee {mandocca), 4,88,219; of {the sigh- 
rocca of) Mercury; 1,79,37,020; and of (the sighrocca of ) Venus, 
70,22,388. The mean Sun is the sighrocca of the remaining pla- 
nets. The revolution-number of the Moon's ascending node 
{pata) is 2,32,226; and the number of civil days (in a vuea) 
1,57,79,17,500. 2 K S ] 

The fighroccas of Mercury and Venus are imaginary bodies which are 
supposed to revolve around the Earth with heliocentric mean angular veloci- 
ties of Mercury and Venus respectively, their directions from the Earth 
always remaining the same as those of Mercury and Venus from the Sun. 
It will thus be seen that the revolutions of Mars, the sighrocca of Mercury', 
Jupiter, the fighrocca of Venus, and Saturn, given above, are equal to the revo- 
lutions of Mars, Mercury, Jupiter, Venus and Saturn respectively around the 
Sun. Tne mean longitudes of Mars, the fighrocca of Mercury, Jupiter, the 
sighrocca of Venus, and Saturn, which are obtained by the rule given below 
are therefore, equivalent to the heliocentric mean longitudes of Mars, Mer- 
cury, Jupiter, Venus, and Saturn respectively. 

A rule for calculating the mean longitudes of the planets 
for mean sunrise at Lanka : 

15-17(i). Divide the product of the revolution-number 
ot a planet and the ahargana by the (number of) civil days (in a 
yuga); thus are obtained the (number of) revolutions (per- 
formed by that planet). From the (successive) remainders multi- 
plied respectively by 12, 30, and 60 and divided by the same 
divisor (viz. the number of civil days in a yuga) are obtained 
the signs, degrees, and minutes, etc. (of the mean longitude of 
that pl anet) for (mean) sunrise (at Lanka). 3 

the EaTth. 1 h ' nUmbCr ° f rcvolutions that the P ,ancls > etc , make around 
a Gf. MBh, vii. 1-5, 8. 
1 Cf. MBh, i. 8. 
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(In this way should be obtained) the mean longitudes of 
the planets up to seconds of arc. 

The point from which the longitudes are measured in Hindu astronomy 
is the first point of the naksatra AsvinI where the Sun, Moon T and the planets 
are supdosed to have been situated at the beginning of Kaliyuga, the epoch 
of reckoning the ahargana. The naksatra AsvinI is a fixed point on the ecliptic 
near the star ^-Piscium. 

Correction to be applied to the mean longitudes of the Moon's 
apogee and the Moon's ascending node obtained by the previous 
rule : 

17(ii-iv). To the (mean) longitude of the Moon's apogee 
(obtained by the above rule) add three signs and to that of the 
Moon's ascending node add six signs, and subtract (the latter 
result) from a circle (i.e., from 360 ). 1 

These corrections are made to the longitudes of the Moon's apogee and 
ascending node, because in the beginning of Kaliyuga their longitudes were 
3 s 0° 0' 0* and 6 s 0° 0' 0" respectively and not s 0° 0' O'as those of the Sun, Moon 
and the planets. The longitude of the Moon's ascending node is subtracted 
from 360° because the motion of the Moon's ascending node is retrograde. 

Positions of the apogees of the planets : 

18. (The longitudes of the apogees of the planets) beginn- 
ing with Mars are 100 plus 18, 200 plus 10, half a circle (i.e., 
180), 90 and 236 degrees respectively. 2 

Dimensions of the epicycles of the planets : 

19-21. The manda epicycles (of the planets beginning with 
Mars) are 14, 7, 7, 4, and 9 (in the beginnings of odd quad- 
rants) and 18, 5, 8, 2, and 13 in the (beginnings of) even quad- 
rants. 50 plus 3, 30 plus 1, 16, 59, and 9 have been stated 
to be the slghra epicycles (of the same planets) (in the beginn- 
ings of odd quadrants) and the same diminished respectively by 
2, 2, 1, 2, and 1 are their own {slghra) epicycles in the (beginn- 
ings of) even quadrants. 3 

1 Cf. MBh, i. 40. 
1 Gf. MBh, vii. 13. 
•Cf. MBh, vii. 13-I6(i). 
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^ The Hindu astronomers generally state the dimensions of the mania and 
sighra epicycles of a pia net in terms of degrees and minutes, where a degree 
stands for the 360th part of the planet's mean orbit and a minute for the 60th 
part of a degree. The author of the present work, following Xryabhata I, 
has stated here the dimensions of the mmda and Bghra epicycles of the planets 
in terms of degrees, after dividing them by 4J. This division has been evi- 
dently made to simplify calculation. 

These epicycles will be required in tfee next chapter in finding the 
true longitudes of the planets. 1 

Position of the Sun's apogee and the epicycles of the Sun and 
the Moon : 

22. (The longitude of) the Sun's apogee, in degrees, is 70 
plus 8; his epicycle is 3, and that of the Moon 7. 2 

The previous remark applies to these epicycles also. 

Position of the Hindu prime meridian : 

23. The line which passes through Lanka, Vatsyapura, 
Avanti, Sthanesvara, and "the abode of the gods'* is the prime 
meridian. 3 

Lanka in Hindu astronomy denotes the place where the meridian of 
Ujjain (latitude 23°11'N ) longitude 75°52'E from i Greenwich) intersects the 
equator. It is one of the four hypothetical cities on the equator, called 
Lanka, Romaka, Siddhapura and Yamakoti (or Yavakoti). Lanka is des- 
cribed in the Surya-siddhlnta\ as a great city (mahapuri) situated on an island 
(dvipa) to the south of Bharata-varsa (India). The island of Ceylon, which 
bears the name Lanka, however, is not the astronomical Lanka, as the former 
is about six degrees to the north of the equator. 

Vatsyapura is the same place as the Vatsagulma of the Maha-Bhaskariya* 
It may be identified with the town of Basim or Wasim (pronounced as 
Basim or Vasim), situated at a distance of 52 miles from the city of Akola 

1 See infra, ii. 9-10, 1 1-13, etc. 

2 Gf. MBh, vii. 12(i), 16. 

3 Gf. MBh, ii. 1-2. 

* xii. 37, 39. 

* ii. 1-2. 
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in the state of Madhya Bharat. 1 Basim originally was the seat of hermitage 
of Sage Vatsa and was called Vatsa-gulma. 2 Later on it became a sacred 
place and grew into a town called Vatsyapuca after the name of the sage. Its 
present name Basim or Wasim is evidently a corrupt form of Vatsam (or 
Vatsapuram). Basim is now a seat of Hindu religion, famous for its sacred 
tank called Padma-tirtha. 

The above identification of Vatsyapura or Vatsagulma with Basim seems 
to be more plausible than our previous identification with KausambI (modern 
Kosam), the ancient capital of the Vatsa country, for two reasons : 

(1) Basim (longitude 77°irE from Greenwich) is nearer from the Hindu 
prime meridian (longitude 75°52'E from Greenwich) than KausambI 

(longitude 81°24'E from Greenwich). 

(2) Basim fits in the order in which the places lying on the Hindu prime 
meridian have been stated in the Maha-Bhaskariya. For, Basim lies 
to the north of "the White Mountain" and to the south of AvantT 
(modern Ujjain), as it should be. KausambI does not fit in that order. 

It may, however, be pointed out that the commentator Udaya Divakara 
seems to identify Vatsyapura with KausambI, for he writes: "The town 
called Vatsyapura is well known in the Vatsa country." And we know that 
KausambI was the capital of the Vatsa country in ancient times. 

AvantI is modern Ujjain in Madhya Bharat. 

Sthanesvara (or Sthanvlsvara) is a sacred place in Kuruksetra, famous 
for its sacred tank and temple of God Siva (called Sthanu Siva). 8 It is situa- 
ted at a distance of about two furlongs from the city of Thanesar in East 
Panjab. 4 

"The abode of the gods" is Mem, the north pole. 

Circumference of the local circle of latitude : 

24. 3299 (yojanas), (the circumference) of the Earth, mul- 
tiplied by the Rsine 5 of the colatitude (of the local place), and 

1 See V. V. Mirashi, "Historical data in Dandin's Dasa-kumara-carita", 
Nagpur University Journal, Number 11, December 1945, lines 6-7. 

a See Kalyana* Tlrthanka, p. 229. Also see W. W. Hunter, The Imperial 
Gazetteer of India, Volume II, London (1885), p. 188. 

• "sthanesvarafn ievayatanam, tadapi kuruk$etre." Udaya Divakara. 
4 See Kalyana, Tlrthanka, p. 80. 

* Rsine means "radius X sine". 
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divided by the radius (i.e., 3438') is known as the (Earth's) cir- 
cumference at the local place. 1 

The Earth's circumference at the local place means "the circumference 
of the local circle of latitude", 

A rule for finding the distance of the local place from the prime 
meridian : 

25-26. The circumference of the Earth multiplied by the 
differe*;e between the latitudes of (a place on) the prime meri- 
dian and the local place and divided by the number of degrees 
in a circle (i.e., by 360) gives the bahu (i.e., the base of the 
longitude triangle) due to the local place. The oblique distance 
from that local place to (the place on) the prime meridian is the 
hypotenuse (of the triangle). The square root of the difference 
between the squares of that (hypotenuse) and the bahu is said 
to be the longitude (in yojanas of that place). 2 

The longitude in yojanas of a place means the distance of the place from 
the prime meridian in terms of yojanas measured along the local circle of 
latitude. 

In the Maha-Bhaskariya, the above bahu has been called the koti (i.e., the 
upright of the longitude triangle). For details, see my notes on MBh, ii.3-4. 

Criticism of the above rule : 

27. Some learned scholars say like this; others say that it 
is not so, because of (i) the grossness of the hypotenuse and (ii) 
the sphericity of the Earth. 3 

Srlpati (1039 A.D.), too, has criticised the above rule for the same 
reasons. 

Criticism of another rule : 

28. (It has been said that) the difference between (the 
longitude of) the Sun derived from the midday shadow (of the 
g nomon at the local place) 4 and that calculated for the middle 

1 Cf. MBh, ii. 10(iii). 

* Gf. MBh, ii. 3-4. 

• Gf. MBh, ii. 5. 

4 See infra, iii. 29-33. 
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of the day (without the application of the longitude correction) 
(gives the longitude correction for the Sun). But that is not 
so, as to the east and west of a place on the prime meridian 
(i.e., on the same parallel of latitude) the latitude (and therefore 
the shadow of the gnomon) remains the same. 1 

This rule has also been criticised by Srlpati, who says : 
"Whatever is obtained here as the difference between the longitudes of 
the Sun derived from the midday shadow (of the gnomon) and that obtained 
by calculation (for midday, without the application of the longitud&correc- 
tion) when multiplied by the (local) circumference of the Earth and divided 
by the (Sun's daily) motion gives the yojanas of the longitude (i.e., the distance 
\xxyojanas of the local place from the prime meridian). This is gross on account 
of the small change in the Sun's declination." 2 

The reader will also note that the longitude derived from the midday 
shadow will be tropical, whereas the other is not. 

A rule for the longitude in time : 

29. The difference between the computed and observed 
times of an eclipse is the longitude in terms of time. 3 

The computed time is the local time for the place lying at the intersection 
of the prime meridian and the local circle of latitude, while the observed time 
is the local time for the local place. The difference between the two is obvi- 
ously the longitude in time for the local place. 

It may be pointed out that in Hindu astronomy time is measured from 
sunrise. 

Criterion for knowing whether the local place is to the east 
or to the west of the prime meridian : 

30. If the (lunar and solar) eclipses occur after the calcula- 
ted time, then the observer is to the east of the prime meridian ; 
otherwise, to the west. 4 

The calculated time is the local time for the place lying at the intersec- 
ti on of the prime merid ian and the local circle of latitude. 

1 Cf. MBh. ii. 6. 

2 SiSe, ii. 103. 

» Cf. MBh. ii. 7. 
* Cf. MBh, ii. 9. 
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The longitude correction and its application: 

31. The mean daily motion of the planet multiplied by the 
longitude (of the place) in terms of ghatls and divided by 60 
should be subtracted (from the mean longitude of the planet for 
mean sunrise at Lanka) (if the place is) to the east of the prime 
meridian and added (to it) if it is to the west. 1 

Sankaranarayana gives the following table for the mean daily motion of 
the planets : 



Planet 


Moon daily motion correct to 
seconds of arc 

Mean 


Sun 
Moon 

Moon's apogee 
Moon's ascending node 
Mars 

Sighrocca of Mercury 
Jupiter 

Sighrocca of Venus 
Saturn 


59' 8* 
13 3 10' 35* 
6' 41" 
3' 11" 
31' 26" 
4° 5' 32* 
4' 59" 
1° 36' 8* 
2' 



Another rule for finding the distance of the local place from the 
prime meridian : 

32. The yojanas (of the distance of the prime meridian)from 
the local place are obtained on multiplying the longitude in 
ghatts by the local circumference of the Earth and dividing (the 
product) by 60. 2 

An alternative method for the longitude correction : 

33. Whatever is obtained on multiplying the mean daily 
motion (of the planet) by the yojanas (of the distance from the 
prime meridian) for that place and dividing by its own (local) 
earth-circumference is to be subtracted from or added to the 
mean longitude of the planet (for mean sunrise at Lanka) 

1 Gf. MBh, ii. 10(i). 

2 Cf. MBh. ii. 10(ii). 
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(according as the local place is to the east or to the west of the 
prime meridian). 

Application of the longitude correction to the mean longitude of a planet 
for mean sunrise at Lanka gives the longitude of the planet for mean sunrise 
at the place where the local meridian intersects the equator. The place where 
the local meridian intersects the equator is called svaniraksa (i.e., "local 
equatorial place"), 

Justification of the longitude correction : 

34. The method of adding or subtracting motion corres- 
ponding to the longitude (of the local place) in ghatis (taught 
above) is the cause of the decreased or increased tithi 1 (i.e., the 
local time of observation of the eclipse); seeing is unaffected 
by that correction. 

• Sankaranarayarta comments on this verse as follows : "The rule which 
has been stated here in accordance with which the correction obtained from 
the longitude, in ghatis or yojanas, is to be subtracted from or added to the 
mean longitude of (the Sun and) the Moon according to the direction of the 
local place (east or west of the prime meridian) is the cause of the decrease or 
increase of the tithi (i.e., of the local time of observation of an eclipse). 
Therefore the previous remark that by those who are situated to the east of 
the prime meridian an eclipse is seen after the time calculated for its occu- 
rence (on the meridian of Lanka), and by those who are situated to the west 
of the prime meridian it is seen in advance (of the calculated time) remains 
unaffected. How ? For the time of occurrence of an eclipse as obtained by 
subtracting the longitude of the Sun from that of the Moon without making 
allowance for the longitude correction is certainly less or greater than the 
local time which is obtained by properly subtracting or adding the longitude 
correction. Therefore at new moon or full moon an eclipse is naturally seen 
on the two sides (of the prime meridian) after or before the time calculated 
for its occurrence (on the meridian of Lanka), Otherwise (i.e., if the longi- 
tude-correction be not made), the difference between the times of observation 
of an eclipse by those situated to the east and to the west (of the prime 
meridian) would not be explained." 

Paramesvara observes : "That is the reason for the calcula ted time (of 
occurrence of an eclipse on the meridian of Lanka) being less or greater than 
1 See Glossary. 
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the local time of observation. But the calculated time (of occurrence of an 
eclipse) obtained after the correction for longitude has been applied does not 
differ from that (i.e., the local time of observation)." 

Similar remarks have also been made by Udaya Divakara. 

Demonstration of the justification of the longitude correction : 

35. When at a certain nadika 1 (of local time) the Moon is at 
the point of emersion and is (at the same time) at the point of 
setting here (i.e., at a place on the prime meridian), then 
(at the same local time) (people residing) in the west (of that 
place) say: "The Moon sets after its separation from the shadow" 
and (those living) in the east (of that place) say : "The Moon 
sets with the eclipse". 2 

Udaya Divakara comments: "For people residing on the same parallel of 
latitude the lengths of day and night being equal, the Moon is seen to set as 
many ghafis after sunrise (or sunset) in the countries which lie to the east or 
west of a place on the prime meridian as in the place on the prime meridian. 
But in the west the Moon as separated from the shadow is seen. The Moon 
at the point of separation as observed on the prime meridian is seen there 
earlier. So the (corresponding) tithi (i.e., the local time of observation of 
the separating Moon) is smaller. Therefore, in order to get that (tithi) the 
motions corresponding to the intervening time should be added to the longi- 
tudes of the Sun and the Moon. Similarly, in the east the eclipsed Moon is 
observed ; the separating Moon is seen later, and so the corresponding tithi is 
greater than the other. So here also the motions (corresponding to the in- 
tervening time) are rightly subtracted." 

The word nadika in the opinion of Udaya Divakara denotes the nadis of 
the time in the night when the Moon separating from the shadow at moonset 
is seen on the prime meridian. 

According to the commentator Paramesvara the word nadika is used in 
the sense of time in general (moment, etc.). So according to 'him the verse 
would be translated as follows : 

1 i.e., instant. i 

2 In his comm. on A, i. 2, Bhaskara I writes: "A lunar eclipse which 
occurs here when one ghatl has elapsed in the night is said to occur at the end 
of the day by those who live at a distance of one ghati (of longitude) towards 
the west and to occur later (in the night) by those who reside towards the 
east". 
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"When the Moon is (just) setting at the end of an eclipse here (at a 
place on the prime meridian), then for those situated to the west the 
Moon sets after the eclipse is over whilst for those situated to the east it 
has set with the eclipse." 

Or, literally as follows : 

"When the Moon is at the point of separation (from the shadow at 
the end of a lunar eclipse) and is (at the same time) at the point of set- 
ting here (at a place on the prime meridian), then in the west (of that 
place) (people say) : "The Moon has set after its separation (from the 
shadow)", and those in the east say : "There is eclipse." 

Consequences of improper application of the longitude cor- 
rection : 

36. When improper (viparlta) application of the positive- 
negative (longitude) correction (to the longitudes of the Sun 
and the Moon) is made the resulting tithi is not the correct one. 
(Also) the results derived from (the correct) procedure become 
otherwise and the motion of the planet also becomes different. 

Sankaranarayana interprets this stanza thus: "(By the word mpartta is 
meant the case) when at the place where the correction for the longitude has 
been stated to be negative (positive) it is applied contrarily, i.e., positively 
(negatively). Or, the word viparlta may mean that the correction for the 
longitude is not made at all. The titki obtained in both these cases is not 
considered to be correct for the purposes of religious sacrifices, etc. Without 
making allowance for the longitude correction the planetary motion is also 
incorrect." 

Paramsevara says : "When the correction for the longitude is applied 
contrarily to that stated, the tithi obtained is incorrect for the purposes of 
religious sacrifices, etc. The calculated time of occurrence of an eclipse is 
also different from the time of actual observation. The positions of the pla- 
nets are also wrong." 

The first half of the verse may also be translated as follows : 

"When improper application of the positive-negative (longitude) 
correction (to the longitudes of the Sun and the Moon) is made, the 
(computed) tithi (i.e., time of an eclipse) does not tally with that of 
observation." 
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This translation is in agreement with the interpretations of Udaya Diva- 
kara and Paramesvara. 

Comparison of the longitude correction with the lambana 
correction : 

37. The lambana correction is (also) additive or subtrac- 
tive to the tithi and to the longitudes of the Sun and the Moon 
for that time, but the law of this (positive-negative) correc- 
tion in the case of the longitude is different from that of the 
lambana. 

The term lambana means the difference between the parallaxes in longi- 
tude of the Sun and the Moon. For the lambana correction, see infra, chap- 
ter V, stanzas 8-10. The tithi in the above passage stands for the time of 
conjunction in longitude of the Sun and the Moon (called parva-tithi, or 
simply parva). 

Udaya Divakara reads tadvat in place of tasya and interprets the verse as 
follows : 

"Since the lambana correction is applied positively (or negatively) to the 
longitudes of the Sun and the Moon and exactly in the same way it is posi- 
tively (or negatively) applied to the time of the tithi, therefore the process of 
the longitude correction is not like that of the lambana correction." 

He continues : 

"This is what has been said : In the case of the lambana correction, when 
the corresponding motions are added to the longitudes of the Sun and the 
Moon, then the parva (i.e., the time of conjunction of the Sun and Moon) is 
also increased by that time. When the motions corresponding to the lambana 
are subtracted from the longitudes (of the Sun and the Moon) then the parva 
is also diminished by that time. Here (in the case of the longitude correc- 
tion) it is just the reverse. For, when the longitudes of the Sun and the 
Moon are increased, the parva is diminished ; and when the longitudes of the 
Sun and the Moon are diminished, the parva is increased. The lambana and 
the longitude corrections being thus of unlike natures, the longitude correc- 
tion is incomparable with the other." 



CHAPTER II 

TRUE LONGITUDES OF THE PLANETS 

Definitions of the Sun's mean anomaly and the corresponding 
bhuja and kofi : 

l-2(i). The mean longitude of the Sun diminished by the 
longitude of the (Sun's) apogee is (called) the (Sun's mean) 
anomaly. There (in that anomaly) three signs form a quadrant. 
In the odd quadrant, the arc traversed and the arc to be traver- 
sed are known as bhuja (or bahu) and kofi (respectively); in the 
even quadrant, (they are known as) kofi and bhuja (or bahu) 
respectively. This is the position. 1 



That is, 
Sun 



mean anomaly = Sun's mean longitude — longitude of Sun's 

. , . „ apogee. 
And if the Sun's anomaly be degrees, then 

bhuja=f) 1 180° -01 0—180°) 360°— fll 
koti=90"- 6 f > 0-90°/ » 27O°-0/> or 0-270°} ' 
according as O<0< 90°, 9O°<0<18O°, 18O°<0<27O° or 
270° < < 360°. 

A rule for calculating the Rsines of the bhuja and kofi : 

2(ii)-3(i). After converting the bhuja and the other (i.e., 
the koti) into minutes of arc and dividing by 225, (in each case) 
take (the sum of ) as many Rsine-differences as the quotient. 
Then multiply the remainder (in each case) by the current 
(i.e., next) Rsine-difference and divide by 225 and add the 
result (to the corresponding sum of the Rsine-difTerences obtained 
above). (The sums thus obtained are the Rsines of the bhuja 
and the koti) . 2 



1 Gf. MBh, iv. 1, 8(iJ. 

2 Gf. MBh, iv. 3-4(i). 
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This rule tells us how to find the Rsine ("radius X sine") of the bhuja 
or koii (or of any given arc or angle) with the help of the following table of 
Rsine-differences given by Aryabhata I: 

Table of Rsine-differences ■ 



| Serial No. 1 


Rsine- 
differences 
in minutes 


1 

[ Serial No. 


1 

| Rsine- 

1 differences 

j in minutes 


1 

| Serial No. 


Rsine- 
differences 
! in minutes 


Serial No. 


Rsine- 
differences 
in minutes 


1 


225 


7 


205 


13 


154 


19 


79 


2 


224 


8 


199 


14 


143 


20 


65 


3 


222 


9 


191 


15 


131 


21 


51 


4 


219 


10 


183 


16 


119 


22 


37 


5 


215 


11 


174 


17' 


106 


23 


22 


6 


210 


12 


164 j 


18 


93 


24 


7 



The Rsine-differences referred to in the above rule are those of this table. 

Suppose that bhuja =24°. Then, according to the above rule, Rsine 24° 
will be obtained as follows : 

bv 29 C rj Crt, '?V hC u Ur * int ° miDUtCS ( ° f arC >' We « ct 1440 '- Dividing this 
of ,S « g » 88 qU ° tiCnt a0d 9 °' as the "mainder. So taking the sum 
of the first six Rsine-differences, we get 

225'+224'+222'+219' + 215' + 210'=1315'. 

_ Now multiplying the remainder, i.e., 90', by the next (i.e., 7th) R si „ e . 
difference (i.e., 205) and dividing by 225, we get 

90'x205 



225 



-=82'. 



8^J^}" g w to -*I , i Pr ^ J ,UB ! ofsixRsine - d iff«ences, we get 1315 + 
o**=1597. This is the required value of Rsin 24°. 
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Calculation of the bhujaphala and the kotiphala : 

3(ii). They (i.e., the Rsines of the bhuja and the koti) 
multiplied by the (planet's tabulated) epicycle should be divided 
by 80 : the results are (known as) bhujaphala and kotiphala. 1 

That is, 

bhujaphala = Rsin $huja) x tabulated epicycle 

80 

kotibhala = Rs,n f* * 1 ") x tabulated epicycle 
** ~~ 80~ * 

In the case of the Sun and the Moon, the bhujaphala corresponds to the 
equation of the centre of modern astronomy. 

For details, the reader is referred to my notes on MBh, iv. 6. 

Application of the bhujaphala correction: 

4(i). The bhujaphala is additive or subtractive according 
as the (mean) anomaly is in the half-orbit commencing with the 
sign Libra or in that commencing with the sign Aries. 8 

In other words, the bhujaphala is additive or subtractive according as the 
mean anomaly is greater than 180° or less than 180°. 

The bhujaphala correction is applied to the Sun's mean longitude as cor- 
rected for the longitude correction. This correction having been applied we 
obtain the Sun's true longitude for mean sunrise at the 'local equatorial place' 
(i.e., at the place where the local meridian intersects the equator). 

Calculation and application of the bhujantara (or bhujaviva? a) 
correction: 

4(ii). So also is applied (the bhujantara correction) which 
is obtained by multiplying the (mean daily) motion of the planet 
by the (Sun's) bhujaphala and dividing by the numberof minutes 
of arc in a circle (i.e., 21600). 3 

1 Gf. MBh, iv. 4, 8(ii). 
*Cf. MBh, iv. 6. 
» Gf. MBh, iv. 7. 
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That is, 

bhujantara correction = gun's bhujUphala x planet's mea n daily motion 

21600 " * 

for J* 1 " CQrreCti ° n iss «btracted from or added to the Sun's true longitude 
for mean sunr.se at the lo cal equatorial p] ac e, according as the SurtSS 
phala „ subtract.ve or additive. Thus we obtain the Sun^s «rue^uS£ 
true sunrise at the local equatorial place. g - ° 

H„. T t he * h f ant , ara c °rrection is, thus, the correction for the equation of time 
i,Uc) eqU3ti0n ° f CCntre (U > t0 e -^»cUy of the 

^r"™ 1 " ^ bhuj ~ antara COrrections ^ Stft ' 

m,. 5 M ?T SiXth ° f thC (Sun ' 8) bh »S*phda is, in seconds of arc, 
{the bhujantara correction) for the Sun; that for the Moon is 

^2\ n K ? mi ri CS °f arC etC ' by multi P'ying (the Sun's^.> 
/A<rffl) by 3 and dividing by 82. , 3 

That is,. 

bhujantara correction for the Sun - ^" n ' g bhujaphalq^ 



seconds; 
and 



bhujantara correction for the Moon=?^?i^^JL? 



b2 



minutes. 



These formulae can be easily derived from the previous rule F„, >u 
smnlar formulae see KK, i. 18 and SiS*, iii. 46(H). ' QthCF 

A rule for finding the true distances of the Sun and the Moon 
in minutes (called mandakarna): 

a Th alistic sign c ^-^ £ss 

witn Cancer. The square root of the mm or +u « 
tha, .and the (Sun,, is ^ httT^ht 

and" 1ST- ( d S "" a ' 1 ^r' t ,! Ply th3t by the 

a nd fo/^fofa and divide (each product) by the radius: (the 

' II i. assumed liat the Sun's Mtfjfefe i, in m!nu ,e,. , 



20 TRUE LONGITUDES OF THE PLANETS [ CH. II 

results are again the Sun's bahuphala and kotiphala). (Making use 
of them calculate the Sun's distance afresh: thus is obtained the 
second approximation to the Sun's distance). (Repeat this 
process again and again and thus) by the method of successive 
approximations obtain the nearest approximation to the 
Sun's (true) distance. For the Moon, too, this is to be regarded 
as the method for finding the nearest approximation to the true 
distance. 1 

The distance obtained by the above method is in terms of minutes and 
is called mandakarija. As it is based on the method of successive approxima- 
tions, it is also known as asakrtkalakarna or avisesakarna. 

For the rationale, see my notes on MBh, iv. 9-12. 

A rule for finding the true daily motion (called karnabhukti) of 
the Sun and the Moon: 

8. Multiply the mean daily motion (of the Sun) by the 
radius and divide (the product) by the (Sun's true) distance (in 
minutes): the result is the Sun's true daily motion (known as 
karnabhukti or karnasphufabhukti). For the Moon, too, this is the 
method. 2 
That is, 

e > » j m /i ,, , ., Sun's mean daily motion X R 

Sun's true daily motion (karnabhukti) =- — ; - 

Sun s true distance in minutes » 

w > * ... . ' .. , A .. Moon's mean daily motion X R 

Moon s true daily motion (karnabhukti) = ' 

Moon's true distance in minutes 

where R is the standard radius (=3438'). 

The true daily motion obtained by the above formulae was called karna- 
bhukti (meaning, "motion derived from the distance") because it was obtained 
by proportion from the true distance of the Sun or Moon. 

A rule for the determination of the Sun's true daily motion 
(called jiuabhukti): 

9-10. Divide by 225 the (Sun's) mean daily motion as 
multiplied by the current Rsine-difFerence. Multiplying the result 

*'Cf.'Af£A, iv. 9-12. 
* Cf. MBh, iv. 13. 
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(thus obtained) by its (tabulated) epicycle and dividing by 80, 
subtract that from the Sun's mean daily motion if the (Sun's) 
anomaly is in the half-orbit commencing with Capricorn and add 
that to the same if (the Sun's anomaly is) in the half-orbit com- 
mencing with Cancer. (The sum or difference thus obtained) 
is known as the (Sun's) true daily motion. 1 

Let M and M' be the mean longitudes and S and S' the true longitudes 
of the Sun at sunrise yesterday and today respectively. Also let Q and 0' be 
the corresponding values of the bhuja (due to the Sun's mean anomaly). 
Then, we have 

where r t is the Sun's tabulated epicycle, — or -f- sign being taken according 
as the Sun's mean anomaly is less than or greater than 180°. 



Therefore 



S'-S= (AT- J*} T (Rsi " 

. . 80 

(Rsin Rsin $) x r, 



= m f 



80 



where m denotes the Sun's mean daily motion, •— or 4- signs being taken 
according as the Sun is in the first and fourth or in the second and third 
anomalistic quadrants. 

Neglecting the motion of the Sun's apogee and assuming that the Rsines 
vary uniformly, we have 

Rsin &' - Rsin = (current R sine-di fference) X m 
Therefore 

C c « -r (current Rsine-difference) X m X r t 
Hence the above rule.. 

Since the Sun's true daily motion has been obtained here with the help 
of Rsines ( jha ), therefore it is generally called jhabhukti. 



1 Cf. MBh, iv. 14. 
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A rule for finding the Moon's true daily motion (known as 
jhabkukti) : 

11-13. From the (mean daily) motion of the (Moon's) 
mean anomaly subtract the preceding or succeeding arc (of the 
current element of the arc, i.e., the elementary arc 1 containing 
the Moon) (according as the Moon is in the odd or even anom- 
alistic quadrant). (Then) take (the tabulated Rsine-differences) 
on the basis of the (residue in) minutes of the (mean daily) mo- 
tion of the Moon's mean anomaly, starting from the current 
Rsine-difference reversely and directly in the odd and even anom- 
alistic quadrants respectively. The results (i.e., the Rsine-dif- 
ferences) corresponding to the fractions of the first and last 
elementary arcs should be determined by proportion (and added 
to the sum of the previous Rsine-differences). The Rsine-dif- 
ference (corresponding to the daily motion of the Moon's mean 
anomaly) thus obtained multiplied by the (Moon's tabulated) 
epicycle and divided by 80 should be subtracted from or added 
to the Moon's mean daily motion as before (in the case of the 
Sun, i.e , according as the Moon's anomaly is in the half-orbit 
commencing with the sign Capricorn or in that commencing with 
the sign Cancer). This is known as (the Moon's) true (daily 
motion). 2 

The commentator Paramesvara explains the above method as follows: 
"From the mean (longitude) of the Moon subtracting its apogee, (then) 
obtaining the (corresponding) bkuja, (then) reducing that to minutes of arc, 
(then) dividing that by 225, (then) setting down separately the preceding 
portion of the current elementary arc as also the succeeding one, (then), the 
(anomalistic) quadrant being odd, having multiplied the preceding portion 
of the current element of the arc by the current Rsine-difference and divided 
by 225 and taken (down) the resulting Rsinc-difTerence, subtract the preced- 
ing portion of the current elementary arc from the (daily) motion of the 
Moon's mean anomaly. Then, having divided that remainder by 225, add 
to the Rsine-difference obtained before as many(tabulated)Rsine-difTerences, 

1 The twenty-four divisions of a quadrant, each equal to 225' t the 
Rsine-differences of which have been tabulated by Aryabhata I, are called 
"elements of arc", or "elementary arcs". 

2 Cf. MBh, iv. 15-17. 
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in the inverse order, from thecurrent Rsine-difference as the quotient-number. 
Then having multiplied the remainder, in minutes of arc, obtained (above) 
by dividing the (daily) motion of the (Moon's) mean anomaly by 225, by 
the next Rsine-difference, in the inverse order, and divided by 225, add the 
resulting Rsine-difference, too, to the Rsine-difference obtained before (by 
addition). This is (the process) in the odd anomalistic quadrant. In the 
even (anomalistic) quadrant, on the other hand, having multiplied the succee- 
ding portion of the current elementary arc by the current Rsine-difference 
and divided that by 225 and (then) having taken the resulting Rsine-differ- 
ence, subtract from the (daily) motion of the (Moon's) mean anomaly the 
succeeding portion of the current elementary arc. Also, then, take, in the 
direct order, the Rsine-differences resulting from the remaining motion of 
the (Moon's) mean anomaly. Thus are to be taken the Rsine-differences in 
the inverse and direct order. If here (i.e., in the above process) the Rsine- 
differences to be taken in the inverse order come to an end (due to the end of 
the odd quadrant falling within the arc corresponding to the motion of the 
Moon's anomaly), then for the remaining arc take the Rsine-differences in 
the direct order. When the Rsine-differences to be taken in the direct order 
come to an end, then take the Rsine-differences in the inverse order. There 
(i.e., in such cases) for the Rsine-differences taken in the direct and inverse 
order motion-correction is obtained separately. Having mutiplied the Rsine- 
difference (corresponding to the daily motion of the Moon's mean anomaly), 
thus obtained, by her (tabulated) epicycle viz. 7 and divided (that) by 80, 
the result should, as before, be subtracted from or added to the (Moon's) 
mean (daily) motion (according as the Moon is) in the half-orbit beginning 
with the (anomalistic) sign Capricorn or in that beginning with Cancer. 
Where, however, there are (two) corrections derived from the Rsine-differ- 
ences taken in the direct order as well as in the inverse order, there the two 
corrections are applied to the mean (daily) motion (of the Moon) in accor- 
dance with their (anomalistic) quadrants. That is the true (daily )motion 
(of the Moon)." 

The rationale of the above rule is exactly similar to that of the previous 
one. The difference is that the motion of the Moon'i apogee is also taken 
into account in this case. 

Defects of the jivabhukti : 

14-15 (i). (According to the rules stated above) whilst the 
Sun or the Moon moves in the (same) element of arc 1 , there is 



1 Vide supra, p. 22 footnote [}) 
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no change in the rate of motion because (the current Rsine- 

difference being fixed throughout that element) the Rsine- 

difference does not decrease or increase : when viewed in this 
way, this jhabhukti is defective. 

Rule 9-10 shows that so long as the Sun remains in the same element- 
ary arc (measuring 225') the Sun's jlvabhukti does not vary. Since the Sun 
remains in the same element for three consecutive days, its jhabhukti remains 
the same for three consecutive days. This is defective, because the rate of 
motion varies from instant to instant. 1 

Similarly, so long as the Moon remains in the same elementary arc, its 
velocity remains the same because throughout that element the Rsine-diffe- 
rence is constant. Thus, in the case of the Moon, the instantaneous daily 
motion obtained with the help of the Moon's current Rsine-difference is 
defective. 

Author's opinion regarding the true daily motion : 

15 (iij. The karnabhukti* or the difference between the 
true (longitudes) for two consecutive days is the true (daily) 
motion. 

The commentator Paramesvara thinks that the karnabhukti is the instan- 
taneous daily motion. . 

The comparative merits and demerits of the jhabhukti and the karnabhukti 
have been examined in detail by Mlakantha in his commentary on 
i,ii.22-25. 

A rule for finding the Sun's declination with the help of the 
Sun's tropical (sayana) longitude : 

16. 1397 is (in minutes of arc) the Rsine of the (Sun's) 
greatest declination. The product of that and the Rsine of the 
bhuja due to the Sun's true (tropical) longitude divided by the 
radius is the Rsine of (the Sun's) desired declination. 3 

1 Instantaneous change of velocity was recognised by the Hindu astro- 
nomer Manjula (932) who, on the basis of the idea of the "infinitesimal 
increment", gave a rule for the instantaneous velocity of a planet. 

9 See stanza 8 above. 

» Cf. MBh, iii. 6(i). 
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sun's ascensional difference 

Rsin S = Rsin (bhuja x 1397' , 
K 
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where & is the Sun's declination and A the Sun's longitude. 

In Fig 1, let S denote the position of the Sun on the celestial sohere ST 
theperpend.cuiarfro.nSon the plane of the celestial eouator^SM' ^ 
perpendicular from , S on the line joining the first point of Aries and thVfim 
po.nt of L,bra. Then in the plane triangle SLM, we have 
SL ss Rsin t, 

SM = Rsin {bhuja \), S 
Z SML= f , 



Z SLM 
Therefore 



90°. 




Fig. 1 



giving 



taking Rsin f = 1397/ 



SL/SM = Rsi n € / Rsin 90% 

Rsin 5 = P sin f x R»in (bhuja \ ) 
R 



^ Rsin(M«7flX)xl397 ' 
R ' 



for'thesL 60 ^ 11 ^ 116 ^' 1181116 ^ thC ascensionaI difference 
betwee^L * the S( * Uare root of difference 

«d^^ m M? b J - the ^ ° f the < S ^> declination 
the /q T 7. the Rsme of the ^latitude is (known as) 

by t£ <S " f ! ln C iS ******* the ™*» and dlided 
Rsine 6 jf;;^ da y; rad --- whatever is obtained is called the 
*sane of the (Sun's) ascensional difference. 1 

the SUn ' S . d T rad, ' US " the radius of the Sun '* diurnal circle, along which 

Hiie^ 1 motion - rt is 

^is^^ = V (Rr^^ 

1 Cf. iii. 6(ii)— 7. 
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The Sun's earthsine is the distance between (1) the Sun's rising-setting 
line and (2; the line joining the points of intersection of the Sun's diurnal 
circle and the six o'clock circle. 

In Fig. 2, let K be the point of intersection of the Sun's diurnal circle 
and the six o'clock circle, KB the perpendicular from K on the Sun's rising- 
setting line, and KA the perpendicular from K on the east-west line. Then 
in. the triangle KAB, we have 

KA=Rsin 

KB=Sun's earthsine, 



ZKBA=90°— 
and < /KAB=^. 

Therefore we have 



Sun's earthsine_ Rsin 

Rsin & Rsin (90— <£j 




Fig. 2 



or Sun's earthsine= Rsin * xRsin S * 
Rcos 

The Sun's ascensional difference is the arc of the celestial equator lying 
between (1) the hour circle of the Sun's rising point on the eastern horizon 
and (2) the six o'clock circle. 

It can be seen from the celestial sphere that 

Rsin (Sun's ascensional differen ce)_ R 
Sun's earthsine Rcos § 

Therefore 

Sun's earthsine XR . 



Rsin (Sun's ascensional difference) =. 



Rcos § 



Correction for the Sun's ascensional difference {cara-sahskara) : 

,. ff 19 " 20 - Th e minutes of arc in the arc of that (Sun's ascensional 
difference) are known as prana (or am) . On multiplying them by 
the (Sun's) true daily motion and dividing by 21600 are obtain- 
ed the minutes, etc., (of the Sun's motion corresponding to its 
ascensional difference). (In order to obtain the Sun's true 
longitude) at sunrise (for the local place) these (minutes etc ) 
should be subtracted (from the Sun's true longitude at sunrise 
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for the local equatorial place) provided the Sun is in the 
northern hemisphere (i.e., to the north of the equator) and 
added if the Sun is in the southern (hemisphere). In the case 
of sunset, (the law of correction is) the reverse. In the case of 
midday or midnight, this (correction) should not be performed. 1 

The asu is a unit of sidereal time equivalent to 1/21600 of a Sidereal day. 
The Sun's ascensional difference measured in asus denotes the time-interval, 
in asus, between the Sun's rising or setting at the local and local equatorial 
places. The above correction for the Sun's ascensional difference, therefore, 
makes allowance for the difference between the times of Sun's rising or 
setting at the local and local equatorial places. 

The general formula for the above correction is; 
Correction for the Sun's ascensional difference {cara correction) 
_ Sun's asc. diff. in asu sX planet's true daily motion 



21600 



minutes of arc. 



When the Sun is in the northern hemisphere, sunrise at the local place 
occurs earlier than at the local equatorial place, and sunset at the local place 
occurs later than at the local equatorial place. When the Sun is in the 
southern hemisphere, it is just the contrary. Hence the law of addition and 
subtraction of the correction. 

Since midday or midnight occurs simultaneously at the local and local 
equatorial places, therefore there is no need of such a correction at that time. 

When the above correction has been applied to the Sun's true longitude 
for true sunrise at the local equatorial place, we get the Sun's true longitude 
for true sunrise at the local place. This is called the Sun's true longitude. 

We thus see that, in the case of the Sun, to obtain the true longitude for 
true sunrise at the local place we have to apply to the mean longitude for 
mean sunrise at Lanka the following four corrections in their respective 
order: 

(1) the longitude correction, 

(2) the bhujaphala correction (i.e., the equation of the centre), 

(3) the bhujantara correction (i.e., the correction for the equation of 
^^^^ time due to the Sun's equation of the centre), 

1 Gf. MBh, iv. 26-27(i). 
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(4) the ^correction (i.e., the correction due to the Sun's ascen- 
sional difference). 

fo»o!u h : r c ;: r : of,heMoon ' ,he ■— *- mmnlM ,. the 

(1) the longitude correction, 

(2) the bhujantara correction, 

(3) the bhujapkala correction, 

(4) the cara correction. 

The correction for the equation of time due to the obliquity of the 
ecliptic has been neglected by the author of the present work, like all other 
early Hindu astronomy. This correction occurs for the first time in the 
works of Snpau (1039) and Bhaskara II (1150). Bhaskara II called it 
udayantara-samskara and prescribed it for all planets. 

Lengths of day and night : 
. .21. (When the Sun is)in the northern hemisphere, the day 
increases and the night decreases by twice the asus of the (Sun's) 
ascensional difference. (When the Sun is) in the southern 
hemisphere, the contrary is the case. 1 

What is meant is that when the Sun is the northern hemisphere 
length of day=30 5 A af ? J+ twice the Sun's asc. diff. inl- 
and length of night-SO^a^-twice the Sun's asc. diff. -in asus, 
and when the Sun is in the southern hemisphere 

length ofday=30^? J -twice the Sun's asc. diff. in asus 
and length of night=30 gha t h± twice the Sun's asc. diff. in asus. ' 

The truth of this can be easily seen from the celestial sphere. 
The bhujantara correction for the Moon : 

22. The mean daily motion of the Moon multiplied by the 
Suns bhujapkala and divided by 21600 should be added to or 
subtracted from the mean longitude of the Moon (corrected 
for the longitude correction) as in the case of the Sun (ie. ac- 
cording as the Sun's mean anomaly is in the half-orbit commen- 
cing with Libra or i n that commencing with Aries)." 

1 Cf. MBh, iv. 28. 

* Cf. MBh, iv. 29. 
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Other corrections for the Moon : 

23-24. The result in minutes of arc, etc., which is obtained 
on multiplying the true daily motion of the Moon by the asus of 
the Sun's ascensional difference and dividing (that product) by 
the number of asus in a day and night (i.e., by 21600) should 
always be added to or subtracted from the true longitude of the 
Moon (for true sunrise at the local equatorial place) according to 
(the position of) the Sun. 1 The remaining [bhajaphala) correction 
for the Moon is applied (to the Moon's longitude corrected for 
the longitude and bhujantara corrections) in the same manner 
as in the case of the Sun. 2 

The correction stated in the first part of the above passage is the Moon's 
cara-saikskara, i.e., correction to the Moon's longitude due to the Sun's ascen- 
sional difference. 

The bkujaphala correction for the Moon, which is to be applied before 
the cara correction, is given by the formula: 

bkujaphala correction for the Moon 
= -fRsm{bhuja due to Moon's mean anomaly) X Moon's ta bulated epicyle 

- or + sign being taken according as the Moon's mean anomaly is less or 
greater than 180°. 

From the above, we see that in the case of the Moon, the order of the 
corrections to be applied is, as stated before, as follows: 

( 1 ) the longitude correction, 

(2) the bhujantara correction (i.e., correction due to the Sun's equa- 
tion of the centre), 

(3) the bkujaphala correction (i.e., the Moon's equation of the 
centre), 

(4) the cara correction (i.e., correction due to the Sun's ascensional 
difference).* 



1 Vide supra, stanzas 19-20. 
1 Cf. MBh t iv. 29-30. 

* The commentator Para noes vara suggests, as afft alternative, the appli- 
cation of the cara correction before the bhujaph$la correction. 
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The next five stanzas relate to the application of the true longitudes of 
the Sun and the Moon to the computation of three of the elements of the 
Hindu Calendar (Pancanga), viz , naksatra, tilhi and karana and to the deter- 
mination of the phenomena of vyatipata. It must be noted that the calcula- 
tions for naksatra, tithi and karana are the made for sunrise. 

Calculation of the naksatra : 

25-26(i). (The true longitude of) the Moon reduced to 
minutes of arc should be divided by 800: the quotient (thus 
obtained) denotes the (number of) naksatras AsvinI, etc., (pass- 
ed over by the Moon). The traversed and the untraversed por- 
tions (of the current naksatra) should be divided by the true 
daily motion (of the Moon in minutes of arc) after having 
multiplied them by 60: thus are obtained the riadis elapsed and 
. to elapse at sunrise. 1 

Beginning with the first point 2 of the naksatra AsvinI, the ecliptic is 
divided into 27 parts, each of 800 minutes of arc. These parts are called 
naksatras and are given the same names as the zodiacal asterisms, i. e., 



1. AsvinI 8. Pusya 15. SvatI 

2i Bharanl 9. Xslesa 16. Visakha 

3. Krttika 10. Magha 17. Anuradha 

4. RohinI 11. Purva PhalgunI 18. Jyestha 

5. Mrgasira 12. Uttara PhalgunI 19. Mala 

6. Ardra 13. Hasta 



22. Sravana 

23. Dhanistha 

24. Satabhisak 

25. PHrva-Bha- 
drapada 



7. Punarvasu 14. Citra 



20. Purvasadha 26. Uttara-Bha- 

21. Uttarasadha drapada 

27. Revatl 



The above rule enables us to know the naksatra in which the Moon lies 
at sunrise and the time elapsed since she entered that naksatra as also the time 
to elapse before she enters the next naksatra. 



1 Cf. MBh, iv. 34. 

2 The first point of the naksatra AsvinI is the fixed point from which the 
longitudes of the planets are measured in Hindu astronomy. This 
point coincides with the junction star of the naksatra Revatl, i. e., 
with £-Piscium. < 
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Calculation of the tithi : 

26(ii)-27. Having reduced (the longitude of) the Moon 
minus he longitude of) the Sun to minutes of arc, d.yde ,t 
bv 720 the quotient is the (number of) fttffr elapsed « 
new moon) On multiplying (the portions of the current fri.. 
elapsed and to be elapsed severally) by 60 and drvt m, £ the 
difference between the (true) dady ^^J"^ 
Moon ) are obtained (the ghafis) elapsed and to be elapsed ^ 

the current tithi ) - 1 

A lunar month, which is defined in Hind, .astronomy ■« .the ^period 
one new ^ to the nest, is divided into 30 par, ca ed ^ £££ 
days). The firsts begins just after new moon (when he Surf a 
have the same longitude) and continues til! the Moon is 12 (or 720 ) »n.ad 
vance of the Sun; the second tithi then begins and continue, t, 1 the M oon » 
24° in advance of the Sun; the third tithi then begins and continue, till he 
Moon i. 36' in advance of the Sun; and soon. The fifteenth ttto i. ca led . 
fZZl or P-urnicnasI ("the fu.l moon tithi"), and the thirtieth ft* is called 
Sy! or Amavasya ("the tithi in which the Sun and Moon are ,n conjuc- 
tion", i. e., "the new moon tithi"). 

The first fifteen tithis fall in the light half of the lunar month and the 
remaining fifteen tithis in the dark half of the lunar month The ^ fal hng 
,n either of the two halves are numbered 1, 2, 3, the thirtieth ftlfe being, 
however, numbered 30. 

The rule given above gives the number of tithis elapsed since new moon, 
and the time elapsed at sunrise since the beginning of the current Mhx as 
also the time to elapse at sunrise before the commencement of the next Mhi. 

Calculation of the karana : 

28. The karanas (elapsed) are obtained by taking tf half 
the measure of the tithi (i. e., 360 minutes)" for the divisor, and 
are counted with Bava. But the number of karanas elapsed in 
the lio-ht half of the month should be diminished by one, whereas 
thosedapsedinthedarkhalfofthe month should be increased 



1 Cf. MBh, iv. 31-32. 
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by one. This is what has been stated. 4 

A lunar month is also divided into sixty parts called karanas. These 
sixty karanas are divided into eight cycles of seven movable karanas, .bearing 
the names Bava, Balava, Kaulava, Taitila, Gara, Vanija, and Visti 2 respect- 
ively, and four immovable karanas, bearing the names Sakuni, Catuspada, 
Naga, and Kimstughna respectively. 

The first round of the movable karanas begins with the second half of 
the first tithi in the light half of the month, and the eighth round ends with 
the first half of the fourteenth tithi in the dark half of the month. Thus in 
the light half of the month, the second karana is Bava, the third karana is 
Balava, the fourth karana is Kaulava, and so on; and in the dark half of 
the month, the first karana is Balava, the second karana is Kaulava, and 
so on. 

The four immovable karanas occur in succession after the eighth round 
of the cycle of the seven movable karanas. 

The following table will clarify the occurrence of the various karanas 
with respect to the tithis. 



1 That is to say: If it is the light half of the month, divide the true 
longitude of the Moon as diminished by that of the Sun, reduced to minutes, 
by 360. The quotient diminished by one should be divided by seven and 
the remainder counted with Bava. This gives the karana elapsed before 
sunrise. 

If it is the dark half of the montb,subtract the longitude of the Sun from 
that of the Moon, and diminish that difference by six signs. Reduce it to 
minutes and divide by 360. The quotient increased by one should be divided 
by seven and the remainder counted with Bava. This gives the karana 
elapsed before sunrise. 

The time elapsed at sunrise since the beginning of the current karana 
should be determined from the remainder obtained after division by 
360 as in the case of the tithi. 
Cf. MBh, iv. 33. 

» The karana Visti is also known as Bhadra and is considered inauspicious. 
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Light Half 



Dark Half 



tithi 

1. Pratipada 

2. Dvitlya 

3. Trtlya 

4. Caturthl 

5. Pancaml 

6. Sasthl 

7. SaptamI 

8. AstamI 

9. NavamI 

10. DasamI 

11. Ekadasi 

12. DvadasI 

13. TrayodasI 

14. CaturdasI 

15. Purnima 



karana 



fKtmsiugbna 

\Bava 

fBalava 
\Kaulava 

fTaitila 
\Gara 

fVanija 
iVisti 

|Bava 
\Balava 

f Kaulava 
\Taitila 

fGara 
\Vanija 

fVisti 
\Bava 

fBalava 
\Kaulava 

JTaitila 
\Gara 

fVanija 
\Visti 

fBava 
\Balava 

fKaulava 
\Taitila 

/Gara 
\Vanija 

/Visti 
iBava 



tithi 

1. Pratipada 

2. Dvitlya 

3. Trtlya 

4. Caturthl 

5. Pancaml 

6. Sasthl 

7. SaptamI 

8. AstamI 

9. NavamI 

10. DasamI 

11. Ekadasi 

12. DvadasI 

13. TrayodasI 

14. CaturdasI 
30. Amavasya 



karana 

fBalava 
(Kaulava 

fTaitila 
\Gara 

fVanija 
\Visti 

fBava 
\Balava 

fKaulava 
\Taitila 

fGara 
\Vanija 

fVisti 
\Bava 

fBalava 
\Kaulava 

fTaitila 
\Gara 

J Vanija 
\Visti 

fBava 
\Balava 

fKaulava 
\Taitila 

fGara 
\Vanija 

fVisti 
\Sakuni 

fCatuspada 
\Naga 



The three kinds of vyaiipata : 

29 When the sum of the (true) longitudes of the Sun and 
the Moon amounts to half a circle (i.e., 180°), the phenomenon is 
called (tafa) vyaiipata', when that (sum) amounts to a circle (i.e., 
360°) the phenomenon is called vaidh X ta {vyaiipata) ; and when 
that (sum) extends to the end of the nahatra Anuradha (i.e., when 
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the sum amounts to 7 signs, 16 degrees, and 40 minutes), the 
phenomenon is called sarpamastaka {vyatipata) - 1 

The term vyatipata (or, what is generally known as pata or mahapata) 
literally means "a very great portentious calamity". Here it denotes an 
astronomical phenomenon which is considered to be extremely inauspicious. 
"The time intervening between the moments of the beginning and end 
(of the vyatipata)", says the author of the Surya-siddhanta, "is to be looked 
upon as exceedingly terrible, having the likeness of the consuming fire, for- 
bidden for all work. While any part of the discs of the Sun and the Moon 
have the same declination, so long is there a continuance of this aspect, 
causing the destruction of all works." f 'So", he continues, "from a (pre- 
vious) knowledge of the time of its occurrence, very great advantage is 
obtained, by means of bathing, giving, prayer, ancestral offerings, vows, 
oblations, and other like acts." 2 The phenomenon of vyatipata is said to 
have a universal effect. According to our author "when the phenomenon 
af vyatipata occurs, even on cutting the branches of a milk-tree (ksirataru), 
there is absence of milk''. 3 

The text describes the three varieties of the vyatipata, lata, vaidhrta and 
sarpamastaka, giving simply the regions of their occurrence. It does not go 
into the details of their calculation. The subject, however, is so important 
for the astrologer that works on Hindu astronomy generally include a chapter 
giving a detailed discussion of this subject. 4 

In modern Hindu Calendars (called ParTcanga) are given the tithi, 
karana, naksatra and yoga current at sunrise for every day of the year and also 
the times when they end and the next ones begin. The yoga has not been 
treated by Bhaskara I, but it forms one of the five important elements 
of the Hindu Calendar. Like the naksatras, the number of yogas is 
also twenty-seven. The method of finding the number of yogas passed 
over and the time elapsed at sunrise since the commencement of 
the current yoga is similar to that prescribed for the naksatra. The differ- 
ence is that in the case of the yoga calculation is made with the sum of the 
longitudes of the Sun and the Moon, whereas in the case of the naksatra 
calculation is made with the help of the longitude of the Moon only. The 

1 Cf. MBh, iv. 35. Also see VVSi, xi. 16-17; SuSi, xi. 1-2; MBh, iv. 35; 
PSi, Hi. 20-22; SiDVr, I, xii. 1; BrSpSi, xiv. 33-34; MSi, xiii. 1; SiSe, viii. 1-2; 
■Si6i I, xii. 8; TS, vi. 1-2. 

3 Cf. Burgess E., Surya-siddhanta (English Translation), Calcutta (1935), 
xi. 16-18. 

3 asmin kila vyatipaiayoge kstratarusakhavacchede'pi gatakslrata, 
* See e.g. Susi, xi; BrSpSi, xiv; SiSe, viii; SiSi, I; xii. TS, vi. 
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first yoga (called Viskambha) begins when the sum of the longitudes of the 
Sun and the Moon is zero, and continues till that sum amounts to 13°20'; 
the second yoga (called Prld) then begins and continues till the sum of the 
longitudes of the Sun and the Moon amounts to 26°40' ; and so on. 1 

It is noteworthy that the sarpamastaka - yvatipala occurs when the 
seventeenth yoga, bearing the name vyatipala, ends. (See footnote 1). 

General instruction regarding the planets : 

30. In the mania and sighra{ operations) of the planets (Mars 
etc.) the kendra ( anomaly ), (their) koti and bhuja, (their) Rsines, 
the corresponding phalas (corrections) and their addition and 
subtraction, should be understood as in the case of the Sun. 2 

There is one exception, viz. that the sighrakendra is defined as 
sighrakendra=\ong\lude of planet's sighroeca — longitude of planet, 
and not as mandakendra, which is defined as 

mandakendra =\ong\tude of planet — longitude of planet's mandocca. 

A rule for finding the corrected epicycle in the case of the planets, 
Mars, etc : 

31-32. One should divide by the radius the Rsine or the 
Rversed-sine ( of the part of the kendra lying in the current quadrant 3 ) 
as multiplied by the difference between the epicycles (for the begin- 
nings of the odd and even quadrants) according as the (current) 
quadrant is odd or even. If the epicycle (in the beginning of 
the current quadrant) is smaller, add the (above) result to it; 

1 The names of the twenty-seven yogas are: — (1) Vi§lfambha, (2) Prlti, 
(3) Ayusman, (4) Saubhagya, (5) Sobhana, (6) Atiganda, (7) Sukarma, 
(8) Dhrti, (9) Sula, (10) Ganda, (11) Vrddhi, (12) Dhruva, (13) Vyaghata, 
(14) Harsana, (15) Vajra, (16) Siddhi, (17) Vyatlpata, (18) Varlyan, (19) 
Parigha, ' (20) Siva, (21) Siddha, (22) Sadhya, (23) Subha, (24) Sukla, 
(25) Brahma, (26) Indra, and (27) Vaidhrta. 

There is another system of twenty-eight yogas, beginning with Ananda. 
In some Hindu Calendars yogas of this system are also given for every day of 
the month. But these yogas are of astrological interest only. 

2 Gf. MBh, iv. 37. 

* The kendra is said to be in the first quadrant when it is less than 90°, 
in the second quadrant when it is between 90° and 180° , and so on. 
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if the epicycle (in the beginning of the current quadrant) is 
greater, subtract the ( above) result from it. Then is obtained 
the corrected epicycle. If this correction is not made, the motion 
(of the planet) would be like the jumping of a frog. 1 

From chapter I, stanzas 19-21, we know that the planets Mars, Mercury, 
Jupiter, Venus, and Saturn have two types of epicycles, manda and sighra, 
which vary in size from place to place. Their values for the beginnings of 
odd and even quadrants were tabulated in those stanzas. The above 
rule gives their values for any other place of the orbit. 

Let ot and S be the values of the epicycles (manda or sighra) of a planet 
for the beginnings of odd and even quadrants respectively. Then (i) if the 
planet be in the first anomalistic quadrant, say at P, and its anomaly be 0, 



(P— «i)xRsin0 
epicycle at P=d + ^ — — -» when * <p, 

(d-j3)xRsin0 
= * — — 5 , when <* >p, 



and (ii) if the planet be in the second anomalistic quadrant, say at Q, , and 
its anomaly be 90 9 +«>, 

( 8 — * "\ xRversin $ 
epicycle at Q=p - — £ > when d< p, 

Similarly in the third and fourth anomalistic quadrants. 

A rule relating to the calculation of the true (geocentric) longi- 
tudes of the superior planets, Mars, Jupiter, and Saturn : 

33-37 (i). Having added half the bahuphala due to the 
mandocca (apogee) to or subtracted that from the mean longi- 
tude of the planet as before, the result should be subtracted from 
(the longitude of) the stghrocca : that (difference) is called the 
Sighrakendra. From that obtain the bahuphala : (and) having 
multiplied that by the radius, divide (the product) by the 
(sighra) karna. Half the arc corresponding to the result obtained 
should be added or subtracted according as the sighrakendra is in 
the half-orbit beginning with Aries or in that beginning with 
1 Cf. MBh, iv. 38-39. 
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Libra. Then after subtracting (the longitude of) the mandocca 
from that (result), the entire bahuphala{dcrived from that differ- 
ence), reduced to arc, should be applied (as correction, positive 
or negative) to the mean longitude of the planet (according as 
the mandakendra is in the half-orbit beginning with the 
sign Libra or in that beginning with the sign Aries): 
this (result) is known as the true-mean longitude (of the planet). 
(Then) after subtracting the resulting quantity (viz. the true- 
mean longitude of the planet) from the stghrocca, the entire cor- 
rection obtained by the stghrocca process, reduced to arc, should 
be applied (as correction, positive or negative,) to the true-mean 
longitude of the planet ( according as the sighrakendra is in the 
half-orbit beginning with Aries or in that beginning with Libra) : 
thus is obtained the true longitude of the planet. 1 

This procedure is adopted in the case of Mars, Jupiter, and 
Saturn. 

Thus, in order to obtain the true longitude of Mars, Jupiter, or Saturn, 
one should proceed as follows: 

First calculate the mean longitude of the planet (as corrected for the 
longitude, bhujantara, and cara corrections} 2 . Then subtract therefrom the 
longitude of the planet's mandocca (apogee): this gives the mandakendra. Cal- 
culate the corresponding bhuja, and therefrom the bhujaphala by the appli- 
cation of the formula: 

Rsin ( bhuja) X corrected manda epicycle , . v 

bhujaphala = 8Q " * v ' 

Subtract half of it from or add that to the mean longitude of the planet, 
according as the mandakendra is less or greater than 180°. Subtract the result- 
ing longitude from the planet's stghrocca: this gives the sighrakendra. Calculate 
the corresponding bhuja, and therefrom the bhujaphala by the application of 
the formula: 

, . , , Rsine (bhuja) X corrected sifihra epicvcle 

bhujaphala = - — ■ \*i 



» Cf. MBh, iv. 40-43. 

8 See Paramesvara's commentary. According to the commentator 
§ankaranarayana, one should take here the mean longitude as corrected for 
the longitude and the bhujantara corrections, and should apply the cara 
correction when all the other corrections have been performed. 
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Multiply this bhujaphala by the radius (i.e., 3438') and divide by the 
slghrakarna, which is equal to 

[{R±Rsin(ioft)} 2 4-{Rsin (bhuja)¥$ > (3) 
+ or — sign being taken according as the sighrakendra is in the first and 
fourth or second and third quadrants. 

Then find the corresponding arc. Add half of it to or subtract that 
from the mean longitude of the planet, already corrected for half the bhuja- 
phala due to mandakendra, according as the sighrakendra is less or greater 
than 180°. 

From the result thus obtained subtract the longitude of the planet*s man- 
docca (apogee) : this gives the mandakendra. Find the corresponding bhuja, 
and therefrom calculate the bhujaphala by applying the formula (1) above. 
Subtract this bhujaphala from or add that to the mean longitude of the planet 
(as corrected for the longitude, bhujantara and cara corrections), according as 
the mandakendra is less or greater than 180° : this gives the true-mean longi- 
tude of the planet. Subtract this true-mean longitude from the longitude of 
the planet's nghrocca : this gives the sighrakendra. Find the corresponding 
bhuja, and therefrom, by the application of formula (2) above, calculate the 
bhujaphala. Multiply that by the radius and divide by the aghrakarna, ob- 
tained afresh by formula (3 J. Then find the corresponding arc, and add that to 
or subtract that from the true-mean longitude of the planet, according as 
the sighrakendra is less than or greater than 180°. The result thus obtained is 
the true longitude of the planet for true sunrise at the local place. 1 

For the Hindu epicyclic theory on which the above procedure is based, 
see my notes on MBh, iv, 40-44. 

A rule relating to the determination of the true (geocentric) 
longitudes of the inferior planets. Mercury and Venus : 

37(ii)-39. The method used in the case of Mercury and 
Venus is being described now. 

First add or subtract half the arc corresponding to the 
slghraphala in the reverse order (i.e., according as the sighrakendra 
is in the half-orbit beginning with Libra or in that beginning 
with Aries) to or from its own mandocca. Whatever correction 
is (then) derived from that (corrected) mandocca should, as a 
whole, be applied as correction to the mean longitude of the 

1 In the case of Mars, Jupiter and Saturn, the true-mean longitude is 
roughly the true heliocentric longitude and the true longitude, the true geo- 
centric longitude. 
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planet : then is obtained the true-mean longitude (of the 
planet). That corrected for (the correction due to) the hghrocca 
gives the true longitude (of the planet). 1 

That is, Hrst calculate the mean longitude of the planet (as corrected for 
the longitude, bhujantara and cara corrections). Then subtract it from the 
longitude of the planet's fighrocca : this gives the fighra-kendra. Calculate the 
corresponding bhuja, and therefrom the bhujaphala by the application of the 
formula : 

Rsin (bh uja) X corrected fi g hra epicycle 
bhujophala = ■ ~ gQ • \ / 

Multiply that by the radius and divide the product by thefighrakarna, which 
is equal to 

[{R± Rsin (fo*i)} 2 +{Rsin (bhuja)}*?, ( 2 ) 

+ or - sign being taken according as the fighrakendra is in the first and 
fourth or second and third quadrants. 

Then find the corresponding arc. Add half of that arc to or subtract 
that from the mean longitude of the planet's mandocca (apogee), according as 
the fighrakendra is greater or less than 180°. Thus is obtained the corrected 
longitude of the planet's mandocca (apogee). 

Now subtract the corrected longitude of the planet's mandocca from the 
mean longitude of the planet: this gives the mandakendra. Calculate the corres- 
ponding bhuja, and therefrom the bhujaphala by the application of the 
formula : 

Rsin {bhuja) X corrected manda epicycle 
bhvjophala = ™ — qq ~ '* 

Subtract it from or add it to the mean longitude of the planet, according 
as the manda-kendra is less or greater than 180°: this gives the true-mean longi- 
tude of the planet. Subtract this true-mean longitude from the longitude 
of the planet's fighrocca: this gives the fighrakendra. Calculate the correspond- 
ing bhuja, and therefrom the bhujaphala by the application of the formula (1) 
i Cf. MBh, iv. 44. We have pointed out before {vide supra,i-9-\4) that the 
mean longitude of the fighrocca, in the case of Mercury and Venus, is the 
heliocentric mean longitude of the planet. The true heliocentric 
longitude may be obtained by applying the planets mandaphala 
correction to that. The true longitude obtained above is the true geocentric 
longitude. 
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above. Multiply that by the radius and divide the product by the sighra- 
karna which is obtained by formula (2) above. Then find the correspond- 
ing arc, and add that to or subtract that from the true-mean longitude of the 
planet, according as the sighrakendra is less or greater than 180°. The result 
thus obtained is the true longitude of the planet for true sunrise at the local 
place. 

Criterion for knowing whether a planet is stationary : 

40. When (the longitude of ) a planet for today is equal 
to that for tomorrow, then is said to be the commencement or 
conclusion of the retrograde motion of that planet. 

A rule for finding the amounts of the retrograde and direct 
motions of a planet : 

41. (Whatever is obtained on) subtracting the longitude 
(of a planet) for tomorrow from the longitude for today (when 
it is possible), is called the retrograde motion (of the planet 
for the day); and whatever results on performing the subtract- 
ion reversely gives the direct motion (of the planet for the day). 

The commentator Sankaranarayana interprets the text as follows : 

"When the longitude of a planet calculated for tomorrow is less than the 
longitude for today, the motion (of the planet) is said to be retrograde; when 
it is the contrary, the motion is direct." 



CHAPTER III 

DIRECTION, PLACE AND TIME FROM SHADOW 

Determination of the directions with the help of the shadow of a 
gnomon : 

1. The north and south directions should be determined 
by means of the fish-figure constructed with the two points 
where the end of the shadow of the gnomon, situated at the 
centre of an arbitrary circle (drawn on the ground) meets that 
circle (in the forenoon and in the afternoon). 1 

Let ENWS (See Fig. 3) be the circle drawn on the ground, and O its 
centre where the gnomon is situated. Let W x be the point where the shadow 
of the gnomon enters into the circle in the forenoon arid the point where 
the shadow passes out of the circle in the afternoon. Then W and Ej are 



E 











\ 


O i 



Fig. 3 

the points where the end of the shadow of the gnomon meets the circle in 
the forenoon and afternoon respectively. Join EjWj. The line E 1 W l is 
directed east to west. With Ej as centre and with a radius greater than 
iE 1 W 1 draw an arc of a circle, and with W t as centre and with the same 
radius draw another arc cutting the former at the points Nj and Sj. Join 
N x and The line is directed north to south. Let the line P^S, 

meet the circle in the points N and S and the line through O drawn parallel 
to EtWi in E and W. Then E, W, N and S are respectively the east, west, 
north and south directions with respect to the point O. 



1 Cf. MBh,m. 1-2. 
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The figure N^S^^ which looks like a fish has been called a "fish- 
figure". 

Also see my notes on MBk, iii, 1,2, 

A rule for finding the latitude and colatitude of a place from 
the equinoctial midday shadow of the gnomon : 

2-3. By whatever results as the square root of the sum of 
( 1 ) the square of the equinoctial midday shadow of the gnomon, 
which is erected on level ground at the intersection of the direc- 
tion-lines 1 and whose perpendicularity has been tested, and (ii) 
the square of the gnomon, divide the radius (severally) multipli- 
ed by the gnomon and the (equinoctial midday) shadow : the 
results are the Rsines of the colatitude and the latitude. 2 

That is, if R be the radius of the celestial sphere, g the length of the 
gnomon, and s the length of the equinoctial midday shadow, j> the latitude 
of the place, and C(=90 o — the colatitude, then 

Rsin C= f* R , , (1) 
and Rsin 0= /* R ' (2) 

Fig. 4 is the celestial sphere for a place in latitude 0. SENW is the hori- 
zon, S, E, N and W being the south, east, north and west points; Z is the 



z 




Fig. 4 



1 i.e., at the centre of the circle drawn on the ground. See stanza 1. 
* Cf. MBh, iii. 4-5(i-iii). 
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zenith. RETW the equator, and P the north pole. R is the point where tht 
equator intersects the local meridian. Then the arc ZR defines the latitude 
of the place. 

OY is, the gnomon erected at the local place O perpendicular to the 
plane of the horizon. Let RD be perpendicular to the plane of the horizon 
and YX parallel to RO. Then we have two right-angled triangles YOX and 
RDO, right angled at O and D respectively. These triangles are similar and 
their corresponding sides are as follows: 

base upright hypotennse 

DO(=Rsin^) RD^(RsinC) RO(=R). 

OX(=s) YO(=g) YX^Jg^Tj 

Comparing these triangles, we have (1) and (2). 

A rule for finding the ascensional differences of the tropical signs 
Aries, Taurus, and Gemini* : 

4. From the declinations of the last points of the (first 
three) signs should be obtained, as before, 1 their ascensional 
differences in terms of asus. When (each of them is) diminish- 
ed by the preceding (ascensional difference, if any,) they 
become (the asus of ascensional difference) for Aries, Taurus, 
and Gemini respectively. 

That is, if x,y, and z be the ascensional differences of the last points of 
the signs Aries, Taurus, and Gemini respectively, then the ascensional differ- 
ences of the signs Aries, Taurus, and Gemini are #, y— x, z-y respectively. 

We have already seen that the ascensional difference of the Sun is the 
difference between the times of rising of the Sun on the local and equatorial 
horizons. The ascensional difference of the sign Aries is the difference 
between the times of its rising above the local and equatorial horizons. Since 
the first point of Aries rises simultaneously at both the horizons, therefore 
the ascensional difference of Aries is equal to the ascensional difference of the 
last point of Aries (for which the celestial longitude X is equal to 30 d ). Simi- 
larly, the ascensional difference of Aries and Taurus (taken together j is equal 
to the ascensional difference of the last point of Taurus (for which X=60°). 



1 Vide supra, Chapter II, stanza 18. 
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The ascensional difference of Taurus is equal to the ascensional differ- 
ence of Aries and Taurus minus the ascensional difference of Aries. That is 
to say, it is equal to the ascensional difference of the last point of Taurus 
minus the ascensional difference of the last point of Aries. 

The ascensional difference of Gemini, similarly, is equal to the ascen- 
sional difference of the last point of Gemini minus the ascensional difference 
of the last point of Taurus. 

The times of rising of Aries, Taurus, and Gemini at the equator: 
5. 1670, 1795 and 1935 are (in asus) the times of rising of 
(the first three tropical signs) Aries etc., at Lanka. 1 

It can be easily seen from the celestial sphere that the time of rising of 
Aries at the equator is equal to the right ascension of the last point of Aries, 
and the time of rising of Aries and Taurus (taken together), equal to the 
• right ascension of the last point of Taurus. Thus the time of rising of 
Taurus is equal to the right ascension of the' last point of Taurus minus the 
right ascension of the last point of Aries. Similarly, the time of rising of 
Gemini at the equator is equal to the right ascension of the last point of 
Gemini minus the right ascension of the last point of Taurus. 

Now from MBh, iii. 9, we have 

Rsin 3141 xRsin * asus, < ! > 
Rcos 5 

where a is the right ascension of a point on the ecliptic, X its tropical 
longitude and $ its declination. 



Also from ii. 16 above 
Therefore 



_ . 1397'xRsinX 

Rstn & = . (2) 



R.In,.- 3141xR»inX 

~ ^[K 2 -{1397'xRsinX/R> 2 ]' K) 

Putting X=30°, 60" and 90° successively in (3), we easily get a. =1670 
crux, 3465 asus, and 5400 asus approx. 

Hence the times of rising of Aries, Taurus and Gemini at the equator 



1 Cf. MBh, Ui. 10(i). 
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1670 asus, (3465—1670) asus, and (5400—3465) asus 
i.e., 1670 asus, 1795 asus, and 1935 asus 

respectively. 

A rule for the determination of the times of rising of the tropical 
signs at the local place : 

6v (From the above times of rising of Aries, Taurus, and 
Gemini at Lanka should be subtracted the asus of their (own) 
ascensional differences, in order, and (then) (to the same times 
of rising of Aries, Taurus, and Gemini at Lanka) they should be 
added in the reverse order : the results (in order) are the times 
(in asus) of rising at the local place of the tropical signs begin- 
ning with Aries, and (the same results) in the reverse order (are 
for those) beginning with Libra. 1 

If a, b, c denote the ascensional differences of Aries, Taurus and Gemini 
respectively, then the times of rising of the signs at the local place are as 
given in the following table. 

Times of Rising of the Signs at the Local Place 



Sign 


Time of rising at the local place 
in asus 


Sign 


I. 


Aries 


1670-a 


12. Pisces 


2. 


Taurus 


1795-i 


11. Aquarius 


3. 


Gemini 


1935-c 


10. Capricorn 


4. 


Cancer 


1935+c 


9. Sagittarius 


5. 


Leo 


1795+4 


8. Scorpio 


6. 


Virgo 


1670+a 


7. Libra 



From what has been said above, we have 
Time of rising of a sign at the local place 

=time of rising of the sign at the equator 

— {(ascensional difference of the last point of the sign) 
— (ascensional difference of the first point of the sign) }. 



1 Cf. MBk, iii. 10(ii). 
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Hence the above rule. 

The following table gives the times of rising in asus of the tropical signs 



at Lucknow. 






Sign 


Time of Rising in asus 


Sign 




at Lucknow 




1. Aries 


1670-354-1316 


12. Pisces 


2. Taurus 


1795-290-1505 


11. Aquarius 


3. Gemini 


1935-119=1816 


10. Capricorn 


4. Cancer 


1935+119=205.4 


9. Sagittarius 


5. Leo 


1795+290=2085 


8. Scorpio 


6. Virgo 


1670+354-2024 


7.*Libra 



A rule for finding the Rsine of the Sun's zenith distance and 
the length of the shadow of the gnomon from the time elapsed 
since sunrise in the forenoon or to elapse before sunset in the 
afternoon and the Sun's declination : 

7-10. The ghafh elapsed (since sunrise) and to be elapsed 
(before sunset), jn the first half and the other half of the day 
(respectively), should be multiplied by 60 and again by 6 : then 
they (i.e ; , those ghafh) are reduced to asus. (When the Sun is) 
in the northern hemisphere, the asus of the Sun's ascensional 
difference should be subtracted from them and (when the Sun 
is) in the southern hemisphere, they should be added to them. 
(Then) calculate the Rsine (of the resulting difference or sum) 
and multiply that by the day-radius. Then dividing that (pro- 
duct) by the radius, operate (on the quotient) with the earth- 
sine contrarily to that above (i.e., add or subtract the earth- 
sine according as the Sun is in the northern or southern hemis- 
phere). Multiply that (sum or difference) by the Rsine of the 
colatitude and divide by the radius : the result is the Rsine of 
the Sun's altitude. The square root of the difference between 
the squares of that and of the radius is the Rsine of the Sun's 
zenith distance. That multiplied by twelve and divided by the 
Rsine of the Sun's altitude is the true shadow (of the gnomon). 1 



* Cf. MBh, iii. 18-20. 
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The ghath elapsed since sunrise in the forenoon or to elapse before "sunset 
in the afternoon, being multiplied by 60 and again by 6, give the minutes of 
arc in the arc of the celestial" equator lying between the hour circles passing 
through the Sun at that time and through the Sun's position on the horizon 
at sunrise or sunset. When these asus are diminished or increased by the 
asus of the Sun's ascensional difference (according as the Sun is in the north- 
ern or southern hemisphere), the asus of the difference or sum give the 
minutes of arc in the arc of the celestial equator lying between the 
Sun's hour circle and the six o'clock circle. The Rs^ne of that difference 
or sum multiplied by the day-radius and. divided by the radius gives the 
distance of the Sun from the line joining the points of intersection of the six 
o'clock circle and the Sun's diurnal circle/ This increased or diminished by 
the earthsine (according as the Sun is in the northern or southern hemis- 
phere) gives the distance of the Sun from the Sun's rising - setting line (i.c ? 
the line joining the points of the horizon where the Sun rises and sets). 

In Fig. 5 let S denote the position of the Sun on the celestial sphere, SA 
the perpendicular from S on the plane of the celestial horizon, and SB the 
perpendicular from S on the rising-setting line. Then in the plane triangle 
SAB, we have 

SA = Rsin a , 

Rsin (given time in asus T asc. diff.) X day radius , 
SB = — ~— — — -± earthsine, 

/ SBA=90°- , 

and Z SAB=90°, 
where a is the Sun's altitude, 
and ^ the latitude of the 
place. 

Therefore, we have 

Rsin a 




Fig. 5 



SB x Rcos t 
R 



Also since the Sun's zenith distance z is the complement of a, therefore 
Rsin z = Rcos a = J{K Z - (Rsin a) 2 }. 



48 



DIRECTION, PLACE AND TIME [ CH. Ill 



Now the triangle of shadow for that time in which 
base=shadow of the gnomon, 
upright— length of the gnomon, 
and hypotenuse=hypotenuse of shadow, 
is similar to the triangle of the great shadow in which 

base = Rsin y , 
upright= Rsin a , 
and hypotenuse = R. 
Hence comparing the bases and uprights of the two triangles, we have 

Rsin z X leng th of the gnomon 
shadow of the gnomon^ RsTiTfl 

_ Rs in 1X12 
" Rsin a ? 

taking length of gnomon= 12 ahgulas. 

If instead of the time elapsed since sunrise or to elapse before sunset, the 
longitudes of the Sun and of the rising point of the ecliptic be known, then 
the time elapsed since sunrise or to elapse before sunset may be determined 
by the following formula : 

time elapsed since sunrise ..... 
-time of rising at the local place of the arc ot the echptic lying 
between the Sun and the rising point of the ecliptic; 

time to elapse before sunset 

^duration of the day— time elapsed since sunrise 
= (30 gAa«f±twice the Sun's ascensional difference) 
— time elapsed since sunrise, 
+or-sign being taken according as the Sun is fn the northern or 
southern hemispher e. 

Two particular cases of the above rule, viz. (i) when the Sun's 
ascensional difference is greater than the given time, and (ii) 
when the Sun is below the horizon : 

11. When the Sun's ascensional difference cannot be sub- 
tracted from the given (time in) asus, reverse the subtraction 
(i.e., subtract the latter from the former) and with the Rsme of 
the remainder (proceed as above). 1 In the night the Rsine of 

1 Cf. MBh, iii. 25. 
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the Sun's altitude should be obtained contrarily (i.e., by revers- 
ing the laws of addition and subtraction). 1 

The first part of the rule relates to the case when the Sun is in the nor- 
thern hemisphere and lies between the local and equatorial horizons, i.e., 
shortly after sunrise or before sunset. 

The second part of the rule indicates the method to be used for finding 
the Sun's altitude in the night. The details of the method are given by the 
commentator Paramesvara as follows : 

"(When the Sun is) in the northern hemisphere, having calculated the 
Rsine of the given nocturnal asus (i.e., those elapsed since sunset in the first 
half of the night or those to elapse before sunrise in the second half of the 
night) as increased by the (Sun's) ascensional difference, (then) multiplying 
(that) by the day-radius and dividing by the radius, then from the (resulting) 
quotient subtracting the earthsine, and (finally) multiplying the remainder by 
the Rsine of the colatitude and dividing by the radius is obtained the Rsine 
of the Sun's altitude. (When the Sun is) in the southern hemisphere, the 
(Sun's) ascensional difference and the earthsine arc (respectively) subtractive 
and additive : this is the difference." 

The Rsine of the Sun's altitude in the night is required (1) in the calcu- 
lation of the elevation of the lunar horns, and (2) in the calculation of the 
solar eclipse. 

A rule for calculating the time elapsed since sunrise in the fore- 
noon or to elapse before sunset in the afternoon with the help 
of the shadow of the gnomon : 

12-15. By the divisor, which is the square root of the sum 
of the squares of the gnomon and its shado w, should be divided 
the radius multiplied by the gnomon: (the result is) the Rsine 
of the Sun's altitude. From that are obtained the ghafh (of the 
time elapsed since sunrise in the forenoon or to elapse before 
sunset in the afternoon) (by proceeding) conversely (to Rule 
7-10) (in the following manner): 

The Rsine of the Sun's altitude should be multiplied by 
the radius and divided by the Rsine of the colatitude. In the 



1 Cf. MBh y iii. 26. 
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(resulting) quotient should be subtracted or added the earthsine 
according as the Sun is in the northern or southern hemisphere. 
Then having multiplied that (result) by the radius and divided 
by the day-radius, to the arc of the (resulting) quotient add 
or subtract from the same arc the asus of the (Sun's) ascensional 
difference (according as the Sun is) in the northern or southern 
hemisphere. (Dividing the resulting asus) by 6 and again by 60 
should be determined the ghatts elapsed (since sunrise) and 
to elapse (before sunset) in the first half and the second half of 
the day (respectively). 1 

This rule is the converse of that given in stanzas 7-10 above. 

A rule for the calculation of the Sun's sahkvagra : 
. . 16 TheRsine of the Sun's altitude multiplied by the 
Rsine of the latitude and divided by the Rsine of the colatitude 
I Z (Sun's) sahkvagra, which is always to the south of the 
rising-setting line. 2 

The Sun's sahkvagra denotes the distance of the Sun's projection from the 
(sun's) rising-setting line. 

In Fig. 6, S denotes the Sun, A the foot of the perpendicular dropped 
from the Sun on the plane of the celestial horizon, SB the perpend.cular from 
S on the rising-setting line, and AB the perpendicular from A on the re- 
setting line. So AB is evidently the sahkvagra. 

Since 

SA = Rsin a, 
AB = sahkvagra, 
/_SBA = 90—*, 
^ASB « 
therefore, we have 



AB _ 



SA 



giving 



RSrT(2ASB) Rsin (/SB A) 
sahkvagra 



Rsin a X Rsin * 
Rcos £ 




Fig. 6 



* Cf. MBh, iii. 27-28(i). 
» Cf. MBh, iii. 54. 
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It can be easily seen from the celestial sphere that, whatever be the 
position of the Sun, the mhkvagra will always lie to the south of the rising- 
setting line. 

A rule for the determination of the tropical longitude of the 
rising point of the ecliptic at any given time with the help of the 
time elapsed since sunrise and the correspondng tropical longi- 
tude of the Sun: 

17-19. The residue (i.e., the untra versed portion) of the 
Sun's (tropical) sign (in minutes of arc) should be multiplied by 
the time of its rising at the local place and divided by the num- 
ber of minutes in a sign (i.e., 1800): the result should be sub- 
tracted from the given (time elapsed since sunrise, in) asus. 
(Then) having added the residue of the (Sun's) sign to (the tropi- 
cal longitude of) the Sun, one should (further) add successively 
the (subsequent) signs whose times of rising, in asus, at the local 
place can be subtracted from the remaining (time in) asus. That 
(further) increased by the decrees and minutes obtained on 
multiplying the remainder (in asus) by 30, etc., and dividing by 
the time of rising at the local place of the (tropical) sign occupied 
by the rising point of the ecliptic should be declared as the 
(tropical) longitude of the rising point of the ecliptic. 1 

We shall illustrate this rule by an example. Suppose that 14 ghat\i 
after sunriserat Lucknow (lat. 26° 55' E, long. 80°45'E.) the tropical longitude 
of the Sun is 3 s 4° 20'. Then to find the longitude of the rising point of the 
ecliptic we shall proceed as follows: 

The Sun lies in the 4 th sign, the untraversed portion of that sign being 
25° 10' (=1510'). The time of rising of this sign at Lucknow is 2054 asus. 
(See the table of times of risings of signs at Lucknow on page 46). There- 
fore, we multiply 1510' by 2054 and divide the product by 1800; thus we get 

1510x2054 ,„„ 
jgQO =172 asus approx. 

This is the time of rising of the untraversed portion of the Sun's sign. 

Subtracting this from 14 ghatls, i.e., 5040 asus, we get 3317 asus. Sub- 
tracting from this the asus of rising of the 5 th sign, i.e., 2085 asus, we get 232 
asus. The as us of rising of the 6 th sign cannot be subtracted from it, so we 

1 Cf. MBh, iii. 30-32. 
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m «ltlply this by 1800 and divide the product by the asus of rising of the 6* 
sign. U , by 2024. Thus we get 

232xl800__ 9n9/ or y22 , approx . 
2024 

. , a L t l r of the 4 th sign, the whole of the 5* sign 

Thus we see that in 14 gha t is 25 10 of the * g , know> Adding 

longitude of the 

these to the Sun's long.tude, we get 5 3 22 as P 
rising point of the ecliptic ^ 

A rule for obtaining ft. 

help of the tropical longitude of the rising point 

t£T*l£Z£* * ^on * point u P to the 
untraversed portion of the Sun's (tropxcal) s>gn. 
This rule is the converse of the preceding ont. 

A rule for calculating (the Rsine of) the Sun's agra: 

21 The result obtained on dividing the Rsine of the bkuja 

of fte Ws (tropical) ^•£^J>£%£& 
Sun's greatest declination, by the Ksine 
known as (the Rsine of ) the Sun's agra? 

ThatlS ' Rsin {M«/a x)x Rsine 

Rsin (Sun's agra) = r1u7(90^) ' 

where Xis the Sun's (tropical) longitude, € the Sun's greatest declinaUon 
he obliquity of the ecliptic), and * the latitude o the local place- 
[ For ^rationale of this formula, see under, stanzas 22-23 below. ] 

The term agra, in Hindu astronomy, has been used in two senses : 
(i) The arc of the celestial horizon lying between the east point and the 
point where the heavenly body concerned rises. 

» Cf. MBh t in. 34-36. 
1 Cf. MBh, Hi. 37. 
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(ii) The Rsine or that arc, which is equal to the distance between the east- 
west Une and the rising-setting line of the heavenly body concerned. 
To avoid this ambiquity, we have translated the term agra by "(the arc 
of ) agra" or "(the Rsine of) agra", according as it is used in the former or 
latter sense. Whenever the qualifying phrases have not been used the mean- 
ing should be understood from the context. 

A rule for calculating the prime vertical altitude of the Sun and 
the corresponding shadow of the gnomon: 

22-23. The Rsine of the Sun's northern declination, when 
less than the Rsine of the latitude, multiplied by the radius 
should be divided by the Rsine of the latitude : the result is the 
Rsine of the altitude of the Sun when it is on the prime vertical. 
The square root of the square of the radius diminished by that of 
the Rsine of the Sun's altitude (obtained above) when multi- 
plied by twelve and divided by the (same) Rsine of the Sun's 
altitude gives the shadow (of the gnomon corresponding to the 
Sun on the prime vertical). 1 

That is, when the Sun is on the prime vertical, 

„ . Rsin § x R 

(i) Rsin a = 

v ' Rsin p 

(H) Shadow of the gnomon 

12 



Rsin a 



[ R 2 - (Rsin a 



where a is the Sun's altitude, $ the Sun's declination, and £ the latitude of 
the place. 

In Fig. 6 on page 50, let S denote the position of the Sun when it is on 
the prime vertical, SA and SB the perpendiculars from S on the east-west 
and rising-setting lines respectively, and C the point where SB meets the 
line joining the points of intersection of the Sun's diurnal circle and the six 
o'clock circle. Since SB lies in the plane of the diurnal circle and AG in the 
plane of the six o'clock circle, and the two circles are at right angles, therefore 
AG and SB are at right angles. 



1 Cf. MBh, iii. 37-38. 
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In the triangle ABC, we have 
AC = Rsin S , 
AB = Rsin^Sun's agra), 
ZABC = 90°-^, 
and /ACB = 90°, 
where 8 is the Sun's declination, and <j> the latitude of the place. 
Therefore, 

But, from ii. 16, 

Rsin 5 » Rsin (bhujaX) X Rsinf 

Therefore 

Rsin (Sun's agra) = ^L^dM>^^ 

Rcos ^ 

Where X is the Sun's tropical longitude. [ See rule 21 above.} 

Now in the triangle SAB, right-angled at A, we have 
SA tsa Rsin a , 
AB «= Rsin(Sun's agra), 
and SBA » 90'— £ . 

Therefore 

Rsin a a R8in (Sun's agra) x Rcos^ 
Rsin ^ ~ 

Rsin 8xR . , 1( 
" Rsin* • B »»g(l). (2 > 

where a is the Sun's altitude. 

This formula can also be derived directly by consic?ering the triangle SAC. 

The formula for the shadow of the gnomon easily follows from the 
shadow triangle. 

The condition that "the Rsine of the Sun's northern declination 
should be less than the Rsine of the latitude" is necessary for the existence of 
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the prime vertical shadow of the gnomon. When this condition is not satis- 
fied, the Sun in the northern hemisphere would not cross the prime vertical 
and likewise the prime vertical shadow of the gnomon would not exist. 
When the Sun is in the southern hemisphere, the Sun does not cross the 
prime vertical above the horizon and so the prime vertical shadow of the 
gnomon does not exist. 

A rule for the determination of the Sun's tropical longitude 
from the Sun's prime vertical altitude : 

24-25. The Rsine of the Sun's altitude (when the Sun is on 
the prime vertical), determined from the method of the shadow, 1 
should be multiplied by the Rsine of the latitude and divided 
by the Rsine of the (Sun's) greatest declination: the resuming 
Rsine, in minutes of arc, reduced to arc or that subtracted from 
half a circle (i.e., 180°) is known as the (tropical) longitude of 
the Sun determined from the shadow of the gnomon when the 
Sun is on the prime vertical (according as the Sun is in the first 
or second quadrant, i.e. according as the prime vertical shadow 
or midday shadow of the gnomon is decreasing or increasing day 
to day). 2 

This rule follows from the previous one combined with rule ii. 16. 

A rule for finding the arc corresponding to a given Rsine : 

26. The number of the tabulated Rsine-differences which 
can be subtracted from the given Rsine, as also the remainder 
(of that subtraction, if any) divided by the current (i.e., next) 
Rsine-difference, should be (severally) multiplied by 225: their 
sum is the (required) arc, 3 

This rule is the converse of that given in ii. 2(ii)-3(i) above. It has been 
stated here because it is required in the preceding rule for calculating the 
arc corresponding to the Rsine of the Sun's longitude. 

A rule for finding the midday shadow of the gnomon with 
the help of the Sun's declination and the latitude of the place: 
27-28. In case the Sun is situated on the meridian (lit. in 

1 See stanza 12 above. 

8 Cf AfflA.iii, 41. 

* Gf. MBh, viit. 6. 



56 DIRECTION, PLACE AND TIME " [ CH. HI 

the middle of the sky), the Rsine of the sum or difference of the 

arcs of the latitude and the (^)-^»^' C ^^ 
Sun is in the southern or northern hemisphere, is the (great) 
shadow. Whatever is the square root of the number which is 
obtained on subtracting the square of that from the square of 
the radius is the (great) gnomon. The shadow of the gnomon of 
twelve (ahgutas) should be determined by proportion. 

The great shadow is the Rsine of the Sun's zenith distance, and the great 
gnomon is the Rsine of the Sun's altitude. 

When the great shadow and the great gnomon are known, the shadow 
of the gnomon of twelve ahgulas is obtained by the formula: 

great shad ow Xl2 
shadow of the gnomon^ ^ " 

A rule for the determination of the Sun's longitude from the 
middav shadow of the gnomon: 

29-33. The square root of the sum of the squares of the_ 
gnomon and its midday shadow is the divisor of the product ol 
the (midday) shadow and the radius: the resulting quotient is 
the Rsine of the (Sun's) meridian zenith distance. 

(When the midday shadow falls) towards the north, the 
Sun's meridian zenith distance, if less than the » a ^'~ 
be subtracted from the latitude; when the (midday) shadow 
falls towards the south, take their sum: the result (in both cases) 
is the (Sun's northern) declination.* In the contrary case (i.e., 
when the midday shadow falls towards the north but the Sun s 
meridian zenith distance is greater than *c ^^c^tudc 
should be subtracted from the (Sun's) meridian zenith distance 
the (resulting) remainder is the Sun's southern declination. 
SffiL oF that (i.e., the Sun's declination .^J^S 
should be multiplied by the radius and divided by^ ^ <^> 
greatest declination: the arc corresponding to the quotient or that 

1 Gf. MBh t 'n\. 11. 

2 Cf. MBh, iii. 13-14. 
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subtracted from half a circle (i.e., 180°) is known as (the tropical 
longitude of) the Sun (according as the Sun is in the first 
quadrant beginning with the tropical sign Aries or in the second 
quadrant beginning with the tropical sign Cancer, i.e., according 
as the midday shadow, if falling towards the north, is decreasing 
or increasing day to day, and, if falling towards the south, is in- 
creasing or decreasing day to day). This method is for (the 
Sun in) the northern hemisphere. Now we describe the method 
for (the Sun in) the southern hemisphere. (There) the arc 
(obtained above) should be added to half a circle or subtracted 
from 12 (signs) (i.e , from 360°) (according as the Sun is in the 
third quadrant beginning with the tropical sign Libra or in the 
fourth quadrant beginning with the tropical sign Copricorn, i.e., 
according as the midday shadow falling towards the north is 
increasing or decreasing day to day). 1 

A consolidated rule for finding the Sun's declination with the 
help of the Sun's meridian zenith distance and the latitude : 

34. The sum or difference of the meridian zenith distance 
and the latitude, according as the (midday) shadow of the gno- . 
mon falls towards the south or towards the north, is known as 
declination. 

A rule for finding the local latitude with the help of the meridian 
zenith distance and declination of the Sun and the direction 
of the midday shadow of the gnomon : 

35. When the Sun is in the northern hemisphere, the 
(meridian) zenith distance and the decimation of the Sun should 
be added together (if the midda? shadow of the gnomon falls 
towards the north). In the contrary case (viz. when the Sun is 
in the southern hemisphere), or when the (midday) shadow 
falls in the contrary direction (i.e., towards the south), one should 
take their difference. The result (in each case) is the latitude. 2 

VCf. MBh, iii. 16, 
2 Gf. MBh } iii. 1 7. 
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TOE LUNAR ECLIPSE 

A rule for the determination of the longitudes of the Sun 
and the Moon when they are in opposition or conjunction in 
longitude : 

1. One who wants to obtain (the longitudes of the Sun 
and the Moon when there is) equality in minutes of arc 1 should 
add as many minutes of arc as there are parvanadls, to the Sun's 
longitude (at sunrise) and the same together with the minutes 
of arc (of the difference between the longitude of the Sun as 
increased by 6 signs, and the longitude of the Moon in the 
case of opposition, or of the difference between the longitudes 
of the Sun and the Moon in the case of conjunction) to the 
Moon's longitude (when opposition or conjunction of the Sun 
and Moon is to occur); similarly, (when opposition or conjunc- 
tion of the Sun and Moon has occurred) one should subtract the 
pratipad-tiadis {etc. from the longitudes of the Sun and the 
Moon). 

In other words, if S and M denote the longitudes of the Sun and the 
Moon at sunrise on the full moon day* then 

Sun's longitude at the time of opposition of the Sun and Moon 
s&S+parvanadt s treated as minutes of arc; 

and Moon's longitude at the time of opposition of the Sun and Moon 
s=M+parvariadis treated as minutes of arc 
+(54-6 signs- M); 

and if S' and AT denote the longitudes of the Sun and the Moon at sunrise on 
the new moon day, then 

Sun's longitude at the time of conjunction of the Sun and Moon 
s=.S'+parvanadls treated as minutes of arc, 

i When the Sun and Moon are in opposition, their longitudes differ 
by six signs; when they are in conjunction, their longitudes are the same. 
The minutes, however, are the same. The equality in minutes of arc refers 
here to the time of opposition or conjunction. 
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and Moon's longitude at the time of conjunction of the Sun and Moon 

=M'+patvanadh treated as minutes of arc + (S r -M'). 

If Si and Mj denote the longitudes of the Sun and the Moon at sunrise 
on the day following full moon, then 

Sun's longitude at the time of opposition of the Sun and Moon 
=Si" pratipad-riadls treated as minutes of arc, 

and Moon's longitude at the time of opposition of the Sun and Moon 
^M^pratipad-riedis treated as minutes of arc 
-[Mi — (^+6 signs}]; 

and if 'SJ and M/ denote the longitudes of the Sun and the Moon at sunrise 
on the day following new moon, then 

Sun's longitude at the time of conjunction of the Sun and Moon 
—5^' ^pratipad-riadls treated as minutes of arc, 

and Moon's longitude at the time of conjunction of the Sun and Moon 
s= M t ' —pratipad-riadls treated as minutes of arc 

By parvariadls is meant "the riddis of the full moon or new moon tithi 
(called parva) which are to elapse at sunrise on that day". Similarly, by 
pratipad-riadls is meant "the riadls of the next tithi (called pratipad or pratt- 
pada) which elapse at sunrise on that day." 

The above rule gives only an approximate result because it is based on 
the assumption that the Sun travels at the rate of one minute of arc per 
riadl, but for practical purposes it is good enough. 

Mean distances of the Sun and the Moon in terms oiyojanas : 

2, 459585 is (myojanas) the (mean) distance of the Sun 
and 34377 that of the Moon. 1 

A rule for finding the true distances of the Sun and the Moon 
in terms oiyojanas : 

3. These (above-mentioned mean distances of the Sun 
and the Moon) multiplied by their true distances in minutes 

* The same distances are given in MBh, v. 2; and SiDVr, I» iV. 4. 
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obtained by the method of successive approximations 1 and 
divided by the radius (i.e., by 3438') give their true distances in 
yojanas* 

That is, 
Sun's true distance in yojanas 

Sun's mean distance in yoja nas X Sun's true distance in minutes 
= ~ . 3436' 

and Moon's true distance in yojanas 

Moon's mean distance inpjafhwXMoon's true distance in minut es 
— • - 3438' 

Diameters of the Sun, the Moon and the Earth : 

4. The diameter of the Sun is 4410 {yojanas); of the 
Moon, 315 (yojanas)] and of the Earth, 1050 {.yojanas). 9 

A rule for finding the angular diameters of the Sun and the 
Moon : 

5. Multiply the radius (i.e., 3438') (separately) ^ by their 
diameters in yojanas and divide by their true distances myojanas: 
then are obtained their true (i.e., angular) diameters in minutes 
of arc. 4 

That is, 

Sun's diameter in minutes of arc 

Sun's diameter in yojanas X 3438' 
~~ Sun's true distance in yojanas ' 

and Moon's diameter in minutes of arc 

Moon's diameter in yoj anas X 3438' 
"~ Moon's true distance in yojanas 

1 See supra, ii. 7. , . 

» The same rule is given in MBh, v. 3; SiDVr, I, iv. 5(i); SiSe, v. 4 (u); 

SiSi, I, v. 5(i); and TS, iv. 10(ii)-ll. 
» The same values are given in MBh, v. 4; SiDVr, I, iv. 6 (i); and TS, 

iv. 10(i). 
* Gf. MBh, Vi 5. 
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A rule for the determination of the length of the Earth's shadow : 

6. Multiply the Sun's (true) distance (in yojanas) by the 
diameter of the Earth in yojanas and divide by the difference 
between (the diameters of) the Sun and the Earth. Then is 
obtained (in yojanas) the length of the Earth's shadow. 1 

That is, 
length of the Earth's shadow 

Sun's true distance in yojanas X Eart h's diameter 
Sun's diameter — Earth's diameter 

By "the length of the Earth's shadow" is meant "the distance of the ver- 
tex of the Earth's shadow from the Earth's centre". 

A rule for the determination of the diameter of the Earth's 
shadow at the point where the Moon crosses it, in terms of 
minutes : 

7. This (length of the Earth's shadow) diminished by the 
(true) distance of the Moon and multiplied by the diameter of 
the Earth and (then) divided by the length of the Earth's shadow 
gives (in yojanas) the diameter of the Earth's shadow (at the 
point where the Moon crosses it). This should be reduced to 
minutes of arc like (the diameter of) the Moon. 2 

That is, 

Diameter of the Earth's shadow 

(length of Earth's shadow - Moon's true dista nce) Earth's diameter 
length of Earth's shadow 

yojanas 

By "the diameter of the Earth's shadow" we mean "the diameter of the 
section of the Earth's shadow cone where the Moon crosses it at the time of 
the first or last contact". 

For the Hindu method of deriving the formulae of stanzas 6 and 7, see 
my notes on MBh, v. 71-73. 

1 Cf. MBh, v. 71. 

MBh v. 72(ii)-73. 
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A rule for finding the Moon's latitude : 

8. Multiply the Rsine of the difference between the longi- 
tudes of the Moon, when in opposition with the Sun, and its as- 
cending node by 270 and divide (the product) by the true dis- 
tance of the Moon, in minutes : the result is the Moon s (true) 
latitude, north or south 1 

That is, 

Moon's latitude in minutes of arc 

Rnn(M-ft) X 270' 
Moon's true distance in minutes 

where M, a denote the longitudes of the Moon and Moon's ascending node. 

This formula is evidently wrong and has been discarded by later astro- 
nomers. The correct formula is 
Moon's latitude in minutes 

_ Rsin (M-ft) X 270- appfox 

A rule for finding the measure of the Moon's diameter unobs- 
cured by the shadow : 

9. Diminishing the (minutes of ate of the) Moon's latitude 
(obtained above) by half of the minutes of arc resulting on 
diminishing the diameter of the shadow by that of the Moon are 
obtained those of (the diameter of) the Moon which remain 
unobscured by the shadow. 2 

It is easy to see that the obscured part of the Moon's diameter (at the 
time of opposition in the case of a partial lunar eclipse) 

= i (diameter of shadow + Moon's diameter) - Moon's latitude, 
and hence the unobscured part of the Moon's diameter at that time 

<= Moon's latitude - * (diameter of the shadow - Moon's diameter). 

Bhaskara I does not make any distinction between the time of opposition 
and the time of the middle of the eclipse. Hence the above rule. 
' i cf MBh, v. 30-31 (i). This rule occurs also ifl TS, iv. 17(ii)-l 8(i). 

» This rule occurs also in A, iv. 43; SiDVr, I, iv. 13; Si§e, v. 11; MSi, 
v. 7; TS, iv. 19(ii)-20(i), Also see SuSi, iv. 10; BrSpSi, \v. 7; SiSi t I, v. 11. 
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A rule relating to the calculation of the sparsa- and moksa- 
stkityardhas : 

10-12. Diminish the square of half the sum of the diameters 
of the Moon and the shadow (samparkardha) by the square of 
the (Moon's) latitude (for the time of opposition of the Sun and 
Moon) and then take the square root (of that). That divided 
by the difference between the (true) daily motions (of the Sun 
and Moon) and multiplied by 60 gives, in nadis, the (first ap- 
proximation to the sparsa- or moksa-) sthityardha. 

(Then) multiply those nadls by the true daily motion (of the 
Moon) and always 1 divide by 60. The resulting minutes should 
then be severally subtracted from and added to the longitude of 
the Moon (calculated for the time of opposition) to get the longi- 
tudes of the Moon for the times of the first and last contacts. 

From the Moon's longitude (for the first contact as also for 
the last contact) calculate the Moon's latitude; and from that 
successively determine the (corresponding sthityardha in terms of) 
riadis, the corresponding minutes of arc (of the Moon's motion), 
and the longitude of the Moon (for the first contact as also for 
the last contact). Repeating this process again and again, find the 
nearest approximations to the (spar'sa~ and moksa-) sthityardhas? 

The t#rm samparkardha means "half the sum of (the diameters of) the 
eclipsed and eclipsing bodies". In the case of a lunar eclipse, it denotes the 
sum of the diameters of the Moon and the shadow. The term sthityardha 
means "half the duration (of the eclipse)" and denotes, in the case of a lunar 
eclipse, the time-interval between the. first contact and opposition or bet- 
ween opposition and the last contact. The interval between the 6rst con- 
tact and opposition is called the sparsa-sthityardha (or sparsika sthityardha) 
and that between opposition and the last contact is called the moksa' 
sthityardha (or mauksika sthityardha). 

The above three verses say how to find the sparsa- and moksa- Sthityardhas. 
The method used is the method of successive approximations and may be ex- 
plained as follows : 

1 i.e., in every approximation. 
1 Cf. MBh, v. 74-76(i). 
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See Fig. 7. AB is the ecliptic; S is the centre of the shadow for the 
time of opposition, the circle around S being the circumference of the shadow. 
CD is the Moon's orbit relative to the shadow centred at S, and Mis the posi- 
tion of the Moon at the time of opposition. CA is drawn through M para- 
llel to AB. 1 




Fig. 7. 

If the Moon's latitude M'L' for the time of the first contact were known, 
the sparsa-sthityardha could be obtained at once by considering the triangle 
M'L'S, right-angled at L'. But the Moon's latitude for the time of the first 
contact (viz. M'L') itself depends on the knowledge of the s P arsa-sthttyardha. 
Hence we use the method of successive approximations. 

To begin with we neglect the variation of the Moon's latitude and take 
MS as the Moon's latitude throughout the eclipse. Thus we take M, to be 
the position of the Moon for the time of the first contact. 

Let U X U be the perpendicular to the ecliptic. Then from the triangle 
M^S, right-angled at L 15 we have 

L^^/M^-M^, (0 

where . 

M 1 L 1 =Moon s latitude, 

and M 1 S=half the sum of the diameters oi the Moon and 
the shadow. 

(1) gives L^S, i.e., the distance along the ecliptic to be traversed by the. 
Moon with respect to the shadow during the sparsa-sthityardha. Thus if m 
denote the dailymotion of the Moon with respect to the shadow, then 

60 X LjS _ ,t 
sparsa-sthityardha = — nadts. 

fNcither the ecliptic nor the boon's orbit is a straight line but their arcs 

which we are considering are so small that they may be regarded as such 
without much error. 
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This is the first approximation to the sparsa sthityardha. Let us denote 
it by t r 

Now we calculate the displacement of the Moon for the sparsa-sthityardha 
t v then diminish the Moon's longitude (calculated for the time of opposition) 
by that displacement, and then with the help of the resulting longitude 
calculate the Moon's latitude. Treating this as the Moon's latitude for the 
time of the first contact, we calculate, as before, the sparsa-sthityardha again. 
This is the second approximation to the sparsa-sthityardha. Let us denote it 
by t 2 . 

Repeating the above process, we calculate the successive approximations 
t,, t 4 , t 5 to the sparsa-sthityardha. It can be easily seen that 

^ - . . . 60xL'S 
tx <t, <t 3 <... <t n <... < — ~ . 

Therefore, the sequence of the successive approximations to the sparsa- 
sthityardha is convergent. The convergence is also rapid, so that the third or 
fourth approximation generally gives a fairly good approximation to the 
sparsa sthityardha. 

The method for finding the moksa-sthityardka is similar. The only differ- 
ence is that in the second and the next successive approximations calculation 
is made of the Moon's latitude for the time of the last contact instead of 
that for the first contact. 

A rule relating to the determination of the times of the first and 
the last contacts : 

13. Diminish and increase the true time of opposition by 
the {sparsa^ and moksa-) sthityardhas, obtained by the method of 
successive approximations, (respectively): then are obtained the 
times of the first and the last contacts. The time of the middle 
of the eclipse is the same as that (of opposition of the Sun and 
the Moon). 1 

This is how the exact times of the beginning and end of a lunar eclipse 
are determined. In practice, however, the exact beginning and end of an 
' eclipse are not perceived with the unaided eye. A lunar eclipse is seen to 
begin after a portion of the Moon's disc is already obscured by the shadow. 



* Cf. MBh,v. 35. 
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Sankaranarayana tells us how to find the times when a lunar eclipse is 
actually seen to begin and end. He says: 

"At the beginning, having diminished the sixteenth part of the Moon's 
dta «.^?o^rtJ ««n«fUiedUme«« of the Moon and the shadow, 

tL< .ha, ,o «c Having .h„, J^^^ 

r m '.Airt1f etc ) the apparent instant of the first contact snouiu uc 
t" aXin that^ the instant of the first contact. After that, in order to 
d termine the instant of the last contact, the moksa-sthityardha obtained by 
t Tehod of successive approximations should be added to the instan of 
IppoTtlon and the result taken, as before, as the instant of the last contact. 
There also the (apparent) time should be announced after d^ish^ £ * 
sixteenth (of the time corresponding to the moksa-sthityardha). lnen 
I "e two stkUyardHas { U. the s P arsa - and moksa- sthUyarMas) the sum 
should be declared, in ghafis etc., to be the duration of the echpse. 

In support of his statement, Sankaranarayana 2 quotes the following verse 

of Scarya Bliatta Govinda : 

sasidehastyathsonamsamparkadalathyadi nateradhikam, 

bhavati tadendugrahanafa na bhavatyalpe'rdhasamparke* 
i e When half the sum of the diameters of the Moon and the shadow dimi- 
nished by the sixteenth portion of the Moon's diameter is greater than the 
Moon's l^itude (for the time of opposition), then does a lunar echpse occur 
He I observed) . When half the sum.of the diameters of the Moon and he 
shadow (diminished by the sixteenth part of the Moon's diameter) is smaller, 
a lunar eclipse does not occur (i.e., is not observed). 

The statement that the time of the middle of the eclipse is the same as 
that of opposition of the Sun and Moon is only approximately true. An 
accurate expression for the difference between the two instants was first g.ven 
by Ganesa Daivajna (1520). 

From Sankaranarayana's comm. on the verse under consideration. 



See his comm. on LBh, iv. 9. 
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A rule for finding the sparse- and moksa- vimardardhas: 

14. The square root of the difference between the squares 
of the Moon's latitude and half the difference between (the 
diameters of) the eclipsed and eclipsing bodies leads, as before, 
to the determination of the (nearest approximation in) riadis of 
the (spar'sa-vimardardha as also of themoksa~) vimardardha. 1 

The term vimardardha means "half the duration of totality (of an eclipse)"* 
and denotes, in the case of a lunar eclipse, the interval between the times of 
immersion (of the Moon into the shadow) and opposition (of the Sun and 
Moon), or between the times of opposition (of the Sun and Moon) and 
emersion (of the Moon out of the shadow). The interval between the times 
of immersion and opposition is called the spar'sa-vimardardha; and the interval 
between the times of opposition and emersion is called the moksa-vimardardha. 

The method for finding the sparsa- and moksa- vimardardhas, given above, is 
similar to that for rinding the sparsa- and moksa- sthityardhas, stated in stanzas 
10-12 above. The difference is that in place of the sum of the semi-diameters 
of the Moon and the shadow use is made in the present case of their differ- 
ence. 

The remainder of this chapter deals with the graphical representation of 
an eclipse. This requires the knowledge of valana, i.e., the deflection of the 
ecliptic from the prime vertical on the horizon of the eclipsed body (i.e., on 
the great circle having the eclipsed body at either of its poles). For the con- 
venience of calculation, this valana is broken up into two components called' 
the aksa-valana and the ayana-valana. The former is the deflection of the equa- 
tor from the prime vertical on the horizon of the eclipsed body, whereas the 
latter is the deflection of the ecliptic from the equator on the horizon of the 
eclipsed body. Thus if A, B, G be the points where the prime vertical, the 
equator, and the ecliptic intersect the horizon of the eclipsed body towards 
the east of the eclipsed body, then 

the arc AB denotes the aksa-valana, 
the arc BG denotes the ayana-valana, 
and the arc AC denotes the valana. 



« Cf. MBh, v. 76(H). 
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A rule relating to the determination of the magnitude and 
direction of the aksa-valana : 

15-16. Multiply the Rsine of the (local) latitude by the 
Rversed-sine of the asus between the times of (the beginning, 
middle, or end of) the eclipse and the middle of the night or 
day 1 , and divide by the radius (*.*., 3438') : (the result is the 
Rsine of the aksa-valana) . The direction of the result {i.e., aksa- 
valana) is (determined) in the following manner : 

(If the eclipsed body, at the time of the first or last contact, 
is) in the eastern half of the celestial sphere, the directions of the 
aksa-valana for the eastern and western halves of the disc (of the 
eciipsed body) [i.e., of the spar'sa- and moksa- valanas in the case of 
the Moon and vice versa in the case of the Sun) are north and 
south (respectively); (if the eclipsed body is) in the western 
half of the celestial sphere, (they are to be taken) reversely. 8 

"The asus between the times of (the beginning, middle, or end of) the 
eclipse and the middle of the night or day" are the asus of the hour angle 3 
of the eclipsed body for that time. Thus the rule given in the text is equa- 
valent to the following formula : 

. , , , . Rsin $ X Rvcrs H 
Rsin (aksa-valana) = 34$%' — — ' 

where His the hour angle of the eclipsed body, and * the latitude of the 
local place. 

This formula, as pointed out by me in the Maha-Bhaskariya is inaccu- 
rate. For details see my notes on MBh, v. 42-44. 

1 Night when the eclipse is lunar and day when the eclipse is solar. 
a Cf. MBh, v. 42-44. 

3 Measured east or west of the local meridian. 
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A rule relating to the determination of the magnitude and direc- 
tion of the ayana-valana : 

1 7. The Rsine of the declination calculated from the Rversed 
sine of the koti of the tropical ( say ana) longitude of the Sun or 
Moon 1 for that time (i.e., for the beginning, middle, or end of 
the eclipse) (is the Rsine of the ayana-valana). In "the eastern 
half of thjP disc (of the Sun or Moon), the direction (of the ayana- 
valana) is the same as that of the ayana* (of the Sun or Moon). 
In the western half, the direction is contrary to that of the ayana, 3 

If X be the tropical longitude of the eclipsed body, then its kot.i is Jf^r X, 
X-90°, 270°- X, or X — 270°, according as the eclipsed body is in ^^rst, 
second, third, or fourth quadrant. 




If K denote the koli of the tropical longitude of the eclipsed body, then, 
according to the above rule 

• , , . Rsin € X RversinJT 

Rsm (ayana-valana) = » 

R 

where € is the obliquity of the ecliptic. 

This formula is equivalent to that given by the author in the Maha-Bhas- 
karlya, where K has been replaced by the bhuja of X + 90°. 4 For the bhuja of 
X+90° is equal to 90°- X ,X-90°, 270°-X, or X-270 , according as the eclip- 
sed body is in the first, second, third, or fourth quadrant. 

As pointed out by me in the Maha-Bhaskarlya, 5 the above formula is in- 
correct. 



1 The Sun is taken when the eclipse is solar, and the Moon is taken when 
the eclipse is lunar. 

2 Ayana means "the northerly or southerly course (of a planet)". The 
course {ayana) is north or south according as the planet lies in the half orbit 
beginning with the tropical sign Garpricorn or in that beginning with the tro- 
pical sign Cancer. 

« Cf. MBh t v. 45. 

* In my note to MBh t v. 45, Rversin (X.+90*) stands as usual for Rversin 
{bhuja (X-r-90°)>. 

f v. 45, note. 
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A rule relating to the determination of the resultant valana cor- 
responding to the circle having half the sum of the diameters of 
the eclipsed and eclipsing bodies for its radius : 

18. Take the sum of their arcs (i.e., of the aksa-valana and 
ayana-valana) when they are of like (directions) and the diffe- 
rence when they are of unlike directions. Multiply the Rsine of 
that (sum or difference) by the sum of the semi-diameters of the 
eclipsed and eclipsing bodies and divide by the radius: this result 
is the valana x . 

JPfhe valana obtained by this rule is the Rsine of the valana corresponding 
tjjj&ircle of radius equal to the sum of the semi-diameters of the eclipsed 
anlplclipsing bodies. 

A rule relating to the determination of the corrected valana 
{sphuta- valana): 

19-20. If the valana (obtained above) is of the same direc- 
tion (as the Moon's latitude) add it to the Moon's latitude; if it 
is of the contrary direction, subtract it (from the Moon's latitude). 
The (sum or difference thus obtained) is known as the corrected 
valana {sphufa-valana) in the case of solar and lunar eclipses 2 . 

In case that (corrected valana) is found to be greater than 
the sum of the semi-diameters of the eclipsed and eclipsing bodies, 
it should be subtracted from the entire sum of the semi-diameters 
of the eclipsed and eclipsing bodies and the remainder (thus ob- 
tained) should be taken as the (corrected) valana. 

The corrected valana is supposed to give the distance of the centre of the 
eclipsing body from the east-west line drawn through the centre of the ec- 
lipsed body in the projected figure. 

As pointed out by me in the Maha-Bhaskarlya, the addition or subtraction 
of the valana and the Moon's latitude is not proper. Both the quantities 



i Cf. MBh,v. 46-47 (i). 
* Gf. MBh> v. 47. 
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should be kept separately and laid off one after the other in the projected 
figure. 

A rule relating to the valana for the middle of the eclipse : 

21. The (resultant) valana for the middle of the eclipse ob- 
tained in the same way as for the first contact without any further 
addition or subtraction of the Moon's latitude is the corrected 
{valana for the middle of the eclipse). The direction of that 
(Moon's latitude) is to be taken reversely (in the projection of a 
lunar eclipse). 1 

What is meant is that the valana for the middle of the eclipse (which is 
calculated according to the rule stated in stanza 18) should not be combined 
with the Moon's latitude for that time (although such a rule is given in stanzas 
19-20). The two quantities should be kept separately and laid off one after 
the other in the projected figure in the manner prescribed in stanzas 23-30 
below. 

The latter part of the stanza says that in drawing the figure of a lunar 
eclipse, the direction of the Moon's latitude is reversed. That is, when it is 
north, it is taken as south; and when it is south, it is taken as north. The rea- 
son is that in the case of a lunar eclipse, we find the position of the shadow 
with reference to the Moon; and when the Moon is north of the ecliptic (i.e., 
when the Moon's latitude is north), the shadow is to the south, and vice versa. 

A rule for converting minutes of arc into ahgulas : 

22. The minutes of arc of the diameters of the Sun, Moon, 
and the shadow and those of the (Moon's) latitude and the (cor- 
rected) valana when divided by two are reduced to ahgulas, (But 
when the Sun and Moon are) on the horizon, they (i.e., minutes 
of arc) are the same (as ahgulas)? 

A rule relating to the construction of the figure of an eclipse : 

23-30. Draw a circle with a thread equal in length to half 
the ahgulas of the diameter of the eclipsed body (as radius) and 
another (concentric circle) with a thread equal in length to half 
the sum of the diameters k the eclipsed and eclipsing bodies. 



1 Cf. MBh, v. 54, 77. 

2 Cf. MBh, v. 53(ii). 
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(Then) having drawn (through the common centre) the 
east-west line and with the help of a fish-figure the north-south 
line, lay off from the centre (of the circle) the corrected valana 
(for the first or last contact) according to its direction. 

About that point draw a fish-figure (in the east-west direc- 
tion). (Then) pass a thread through the middle of that fish- 
figure and produce it towards the east or west (as the case may 
be) to meet the outer circle and from there carry it to the centre. 

The point where the junction of the circle of the eclipsed 
body and that (thread) is clearly seen (in the figure) is the place 
where the Moon is eclipsed or is separated (from the shadow). 

When the valana and the Moon's latitude (for the middle of 
the eclipse) are. alike in direction, the valana should be laid off 
towards the west (from the centre); otherwise, towards the east. 
In the case (of the eclipse) of the Sun, it should be done reverse- 
ly. (Then) through the fish-figure drawn (along the north-south 
direction) about that point, pass a thread and extend it beyond 
the fish-figure (towards the north or south), according to (the 
direction of) the Moon's latitude to meet the outer circle, and 
from there carry the thread to the centre. Then from the centre 
along that thread lay off the Moon's latitude in the proper 
direction and put there a point. 

(With that point as centre and) with the ahgulas of the semi- 
diameter of the eclipsing body (as radius), draw a circle cutting 
the disc of the eclipsed body. The portion of the eclipsed body 
thus cut off lies submerged in the eclipsing body. 1 

The circle which is drawn through the points (i.e., the cen- 
tres of the eclipsing 'body) corresponding to the beginning, mid- 
dle, and end of the eclipse, with the help of two fish-figures, is 
the path of the eclipsing body. 2 



1 » Cf. MBh, v. 48-57. 
• Cf. MBh, v. 61. 
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Construction of the phase of the eclipse for the given time: 

3 1 -32. Multiply the difference between the (true) daily mo- 
tions (of the Sun and Moon) by the sthityardha minus the given 
time and divide that (product) by 60. Then adding the square 
of that to the square of the Moon's latitude (for the given time), 
take the square root (of that sum). (The square root thus ob- 
tained is the distance between the centres of the eclipsed and 
eclipsing bodies at the given time). 

Lay that off from the centre so as to meet the path of (the 
centre of) the eclipsing body. With the meeting point as centre 
and half the diameter of the eclipsing body as radius, draw the 
eclipsed portion for the given time. 1 



1 Cf. MBh, v. 62-65. 
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Definition of the local divisor : 

1. Multiply the radius by the Rsine of the colautude and 
divide by the Rsine of the (Sun's) greatest declmaton . the 
result is called the local divisor. 

The divisor defined here will be used in stanza 6 below. It is called 
local, because it depends on the latitude ot the local place. 
A rule relating to the determination of the tropical longitude ct 
the meridian ecliptic point for the time of geocentric conjunc 
tion of the Sun and Moon : , 

2-4(i). Having calculated the asus (of the right ascension) 
of the traversed portion of the Sun's sign, by proportion with the 
right ascension of the Sun's sign,* and (then) having subtracted 
them from the asus between the times of geocentric conjunction 
of the Sun and Moon and midday, subtract the traversed por- 
tion of the Sun's sign from the Sun's longitude. From the re- 
mainder also subtract, in the reverse order, as many signs as 
have their right ascensions included (in the ^"^f^^" 
also) the degrees and minutes (of the fraction) of a g?> ^ 
The result (thus obtained) is known as the (tropical) longitude 
of the meridian ecliptic point in the forenoon. 

(When the geocentric conjunction of^ the Sun and Moon 
ocean) in the afternoon, addition should be made of the untra- 
versed portion of the Sun's sign, etc. 2 

As regards the determination of the asus between the times of geocentnc 
conjunction of the Sun and Moon, and midday, the commentato. : 
nUyana says : "On the desired day whatever be the tun. * 
junction of the Sun and Moon, convert that >nto asus and also reduce to 

T^hTIscension of the Sun's sign" is the same as "the time of rising 

of the Sun's sign at Lanka." 
* Cf. MBh, v. 8-11. 
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the true semi-duration of the day. If the geocentric conjunction of the Sun 
and Moon occurs in the forenoon, subtract the time of geocentric conjunction 
(in asus) from the true semi-duration of the day (in asus); and if the geocentric 
conjunction occurs in the afternoon, then from the time of geocentric, conjunc- 
tion (in asus) subtract the (true) semi-duration of the "day (in asus) : in both 
the cases the remainder denotes the asus between the times of geocentric con- 
junction and midday." 

Sankaranarayana has given the full method for finding the tropical 
(sayana) longitude of the meridian ecliptic point for the time of geocentric con- 
junction of the Sun and Moon when the geocentric conjunction occurs in the 
afternoon. He writes : "When the geocentric conjunction of the Sun and 
Moon occurs in the afternoon, then the semi-duration of the day is subtracted 
from the time of geocentric conjunction and thus is obtained the difference in 
asus between the times of geocentric conjunction and midday; the result is set 
down at some place; from these asus of the difference between the times of 
geocentric conjunction and midday are then subtracted the asus which are 
obtained by proportion from the untraversed portion in minutes of arc of the 
sign occupied by the Sun or Moon at the time of geocentric conjunction and 
the right ascension of the sign (i.e., the asus of the right ascension of the un- 
traversed portion of the Sun's sign); the untraversed portion of the Sun's sign 
is then added to the Sun's tropical (sayana) longitude for the time of geocen- 
tric conjunction; from the remaining asus are then subtracted in serial order 
the right ascensions of as many signs as possible and these signs are added 
to the Sun's longitude; finally, adding the degrees, minutes, etc., obtained on 
multiplying the remaining asus by 30 and dividing by the right ascension of 
the next sign is obtained the tropical (sayana) longitude of the meridian 
ecliptic point." 

Sankaranarayana further says, "How is the longitude of meridian ecliptic 
point to be obtained when the traversed or untraversed part of the Sun s sign, 
while being subtractive, is less than the asus intervening Between the time 
of geocentric conjunction of the Sun and Moon, falling near noon, and the 
time of midday ? There, the difference, in asus, between the times of g cocen * 
tric conjunction and midday is itself multiplied by 30 and divided by the 
right ascension o f the sign occupied by the Sun : the quotient subtracted 
from or added to the Sun's longitude according as the time of geocentric 
conjunction occurs in the forenoon or afternoon gives (the longitude of) the 
meridian ecliptic point." 

It may be pointed out that in the above determination of the meridian 
ecliptic point, use is to be made of the Sun's tropical longitude, because the 
signs of the zodiac, whose right ascensions are made use of in the obove pro- 
cess, are tropical (sayana). The resulting longitude of the meridian ecliptic 
point is also tropical. 
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A rule relating to the determination of the celestial latitude 
from the tropical longitude of the meridian ecliptic point obtain- 
ed by the above rule : 

4(ii). From that (tropical longitude of the meridian ecliptic 
point) diminished by the longitude of the Moon's ascending 
node calculate the celestial latitude, north or south, (as in the 
case of the Moon). 

A rule relating to the determination of the drkksepa for the 
time of geocentric conjunction of the Sun and Moon : 

5-7(i). Take the sum of the declination of the meridian 
ecliptic point and the celestial latitude (calculated from the tropical 
longitude of the meridian ecliptic point), and of the (local) lati- 
tude when they are of like directions and the difference when 
they are of unlike directions, the direction of the remainder (in 
the latter case) being that of the minuend. (The Rsine of the 
sum or difference is) the madhyajya. By that multiply the Rsine 
of the bhuja of the tropical longitude of the rising point of the eclip- 
tic and divide (the product) by the (local) divisor (defined in 
stanza 1). Square whatever is thus obtained and subtract that 
from the square of the madhyajya. The remainder is the square 
of the Rsine of the drkksepa. 

A rule relating to the determination of the drggatijya for 
the time of geocentric conjunction : 

7-(ii)-8(i). Having added that (square of the dikksepajya) 
to the square of the Rsine of the instantaneous altitude (of the 
Sun), subtract that from the square of the radius : (the result is 
the square of the drggafijya). 

The drkksepajya and drggatijya obtained above, are neither precisely 
those for the Sun nor those for the Moon. 2 They would have been for the 
Sun, had the author not taken into account the celestial latitude calculated 

» MBh, v. 14. 

2 The Sun's drkksepajya is the Rsine of the zenith distance of that point 
of the ecliptic which is at the shortest distance from the zenith; and the Sun's 
drggatijya is the distance of the zenith from the plane of the secondary to the 
ecliptic passing through the Sun. (Contd. on the next page footnote) 
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from the longitude of the meridian ecliptic point while finding the madhyajya; 
whereas they would have been for the Moon, had the author, while calculat- 
ing the value of the drkksepajya, also taken into account the celestial latitude 
due to the rising point of the ecliptic (more correctly, the rising point of the 
Moon's orbit). See MBh, v. 1 3-23. 

The intention of the author seems to find such values of the drkskepajya 
and drggatijya as may roughly correspond to both the Sun and the Moon. 
The artifice adopted for the purpose by him, however, is not mathematically 
correct. It would have been better if he had omitted the use of the celestial 
latitude calculated from the longitude of the meridian-ecliptic point. See 
Paramesvara's commentary on LBh, v. 1 1-12. 

A rule relating to the determination of the lambana-nadh 
for the time of apparent conjunction of the Sun and the Moon: 
8-10. Having divided the square root thereof by 191, 
further divide the quotient by 4 and a half: the result m nadh is 
the time known as lambana in the case of a solar eclipse. It is 
subtracted from the time of (geocentric) conjunction if the latter 
occurs in the forenoon, and is added to that if that occurs in the 
afternoon. To get the nearest approximation for the lambana 
{i.e., the lambana for the time of apparent conjunction of the Sun 
and Moon), one should similarly perform the above operation 
again and again with the help of the time of (geocentric) con- 
junction. 

The term lambana means the difference between the parallaxes in longi- 
tude of the Sun and Moon. 

The above rule aims at finding the lambana in terms of time, for the time 
of apparent conjunction (in longitude) of the Sun and Moon. Buta ? f thlS 
lambana depends on the time of apparent conjunction of the Sun and Moon 
itself, which is unknown, so recourse is taken to the method of successive 
approximations prescribed in the text. 

To begin with, the time of geocentric conjunction of the Sun and Moon 
is taken as the first approximation to the time of apparent conjunction, and 



The Moon's drkksepajya is the Rsine of the zenith distance of that point 
of the Moon's orbit which is at the shortest distance from the zenith; and the 
Moon's drggatijya is the distance of the zenith from the plane of the secon- 
dary to the Moon's orbit passing through the Moon. 
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the corresponding lambana in gkafls is obtained by the formula : — 

lambana = ^[gf^^ 1 ghatjs. (1) 

The second approximation to the time of apparent conjunction is then 
obtained by the application of the formula : 
time of apparent conjunction 

ta time of geocentric conjunction 

± lambana in time for the time of apparent conjunction. (2) 

The text prescribes the use of -f or — sign in this formula according as 
the time of geocentric conjunction falls in the afternoon or in the forenoon. 
But this is incorrect; the correct procedure is to use 4- or — sign according as 
the Sun and Moon at the time of apparent conjunction lie to the west or to 
the east of the central ecliptic point. 

The second approximation to the time of apparent conjunction of the 
Sun and Moon having been thus found, the above process is repeated again 
and again until the nearest approximation to the lambana for the time of 
apparent conjunction is arrived at. 

The rationale of formula (1) is as follows : 
We have (vide MBh, v. 24) 

Moon's parallax in longitude 

drggalijya X Earth's semi- diameter in yajanas 



minutes of arc. 



Moon's true distance in yajanas 
But 

Moon's true distance in yojanas 

Moon's mean daily motion in yojanas X 3438' 
Moon's true daily motion in minutes of arc 

so that 

Earth semi-diameter i n yojanas 
Moon's true distance in yojanas 

^_ Earth's semi-dia meter in yojanas 
Moon's mean daily motion in yojanas X R 

X (Moon's true daily motion in minutes of arc). 

525 

== 7905-8x3438 ^ OOn S tfUC mot i° n in minutes of arc). 

Moon's true daily motion in minutes of arc 
~ 15x3438 
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Therefore 

Moon's parallax in longitude 




(Moon's true daily motion in minutes of arc), minutes of 

arc. 



Similarly, 



Sun's parallax in longitude 




(Sun's true daily motion in minutes), minutes of arc. 



Therefore 
lambana 




(Moon's true daily motion in minutes of arc 

— Sun's true daily motion in minutes of arc). 
X 4 gkafiis 



3438 



drggatijya 
191 X 4£ 



ghatls. 



The usual Hindu method for deriving this formula is to apply the follow- 
ing proportion: 

"When the drggatijya amounts to the radius (= 3438'), the lambana is 
equal to 4 ghatls; what then would be the value of the lambana when the 
drggatijya has its calculated value?" 

The ghatls of the lamba ia for the time of apparent conjunction having 
been thus determined, the time of apparent conjunction is obtained by using 
formula (2) above. * 

A rule relating to the determination of the nati for the time 
of apparent conjunction af the Sun and Moon: 

11. Multiply the Rsine of the drkksepa obtained by the 
method of successive approximations 1 (i.e., multiply the Rsine 
of the drkksepa for the time of apparent conjunction) by the 

1 While finding the nearest approximation to the lambana for the time of 
apparent conjunction by the method of successive approximations, the Rsines 
of the drkksepa and the drggati were calculated at every stage. By the Rsine 
of the drkksepa obtained by the method of successive approximations is here 
meant the value of the Rsine of the drkksepa calculated at the last stage, 
which corresponds to the time of apparent conjunction. 
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difference between the daily motions (of the Sun and Moon) 
and divide by 51570 : the result is (the nati) in minutes of arc, 
etc. 

The haft' means the difference between the parallaxes in latitude of the 
Sun and Moon. 

The rationale of the above rule is as follows : 
We have (vide MBh, v. 28) 

Moon's parallax in latitude 

_^ drkksepa X Earth's semi-diameter in yojanas m j nutes 
Moon's true distance in yojanas 

But, as before, 

Earth's semi-diameter in yojanas 
Moon's true distance in yojanas 

Moon's true daily motion in minutes of arc 
= ^ 15 x 3438 

Therefore, 

Moon's parallax in latitude 

drkksepa X M oon's true daily motion 
15 X 3438 

Similarly, 

Sun's parallax in latitude 

drkksepa X Sun's true daily motion 
15 X 3438 

Hence 

X at : drkksepa r M t, true daily motion— Sun's true daily motion]. 
* 15 x 3438 L 

drkksepa X (difference between true daily motions of the 

Sun and Moon) 

— 51570 ~ 

525 1 

In the above rationale we have assumed that 7905 . 8 = ^ approx., and 

ri.««;.- tafcm 525 =_L-—. But this is incorrect, because 

likewise taken 7905 . 8 x 3433 51570 

525 



\ aDDrox. Hence the commentator Paramesvara has 

7905-8 X 3438 51770 vv 
suggested the reading khasvaradryekabkutakhyaih in place of khasvaresvekabhuta- 

khaih. 
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A rule relating to the determination of the Moon's true latitude 
(i.e., the Moon's latitude corrected for parallax) for the time of 
apparent conjunction : 

12. (The nati) and the Moon's latitude for that instant 
should be added if they are of like directions and subtracted if 
they are of unlike directions : thus is obtained the true latitude 
(of the Moon) in the case of a solar eclipse. 1 

"For that instant" means "for the time of apparent conjunction". 
A rule relating to the determination of the spar'sa- and moksa- 
sthityardhas : 

13-14. From half the sum of the diameters of the Sun and 
the Moon and from the Moon's true latitude (for the time of 
apparent conjunction), calculate the sthityardha* as before. 3 (Sub- 
tracting that from and adding that to the time of apparent conjunc- 
ion, find the gross values of the times of the first and last contacts). 
Then find out the lambanas 2 and the (Moon's) true latitudes for 
the times of the first and last contacts, applying the respective 
rules only once. Then add the difference of the lambanas 2 (for 
the times of the first contact and apparent conjunction at one 
place and for the times of apparent conjunction and the last con- 
tact at another place) to the sthityardha? the results should be 
announced as the true values of the {spar'sa- and moksa-)sthityardhas. 2 
(Then subtracting the sparsa-sthityardha 2 from the time of appar- 
ent conjunction, find the time of the first contact; and adding the 
moksa-sthityardha 2 to the time of apparent conjunction, find the 
time of the last contact.) 4 

The valanas (for the times of the first contact, apparent con- 
junction, and the last contact) should be obtained as before. 5 

» Gf. MBh, v. 31. 
2 In ghatls, etc. 

* Gf. MBh, v. 34. 

* Cf. MBh, v. 35-36. 

5 This last sentence is the translation of "pragvat valanakarma ca", which 
occurs in the end of verse 13. We have shifted its translation to this place, 
because this is the most appropriate place for it. 
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The term sthityardha means "half the duration (of the eclipse)". The sparsa- 
sthityardha, in the case of a solar eclipse, is the time-interval between the first 
contact and apparent conjunction; and the moksa-sthityardha is the time-inter- 
val between apparent conjunction and the last contact. 

The sthityardha is obtained as in the case of the lunar eclipse by the formula 

sthityardha = V^"^* 60 ghatis, 

where ff denotes half the sum of the diameters of the Sun and Moon, the 
Moon's true latitude, and the difference between the true daily motions of 
the Sun and Moon. 

The sparsa- and moksa- sthityardhas obtained by the above rule give their 
approximate values only. To obtain the nearest approximations to the 
exact values one should apply the method of successive approximations. See 
MBh, v. 34-39. 

Condition for the impossibility of a solar eclipse : 

15. When the minutes of the (Moon's) true latitude (ob- 
tained above) are equal to the minutes of half the sum of the 
diameters of the Sun and the Moon, then the Moon does not hide 
the disc of the Sun, whose rays are the destroyers of darkness 1 . 
i"Gf. MBh, v. 33. 



CHAPTER VI 

VISIBILITY, PHASES, AND RISING AND SETTING 
OF THE MOON 

A rule relating to the visibility correction known as aksa-drk' 
karma : 

1-2. Multiply the Rsine of the Moon's latitude by the Rsine 
of the (local) latitude and divide (the product) by the Rsine of 
the colatitude. Whatever is thus, obtained should be subtracted 
from the Moon's longitude in the case of rising of the Moon (i.e., 
in the eastern hemisphere) and added to that in the case of set- 
ting of the Moon (i. e., in the western hemisphere), provided that 
the Moon's latitude is north. When the Moon's latitude is south, 
the above correction is applied reversely in the cases of rising 
and setting (both). 1 

A rule relating to the visibility correction known as ayana-drk- 
karma : 

3-4. Multiply the (Moon's) instantaneous latitude by the 
Rversedsine (of the Moon's longitude) as diminished by three 
signs and then by the Rsine of the (Sun's) greatest declination and 
divide that (product) by the square of the radius. The result- 
ing minutes of arc should be subtracted from the longitude of the 
Moon when the latitude and ayana (of the Moon) 8 are of like 
directions. In the contrary case, they should always be added 
to the longitude of the Moon. 3 

The two corrections stated in the foregoing stanzas are known as dar- 
sana-safnskara or drkkarma {"visibility corrections"). The first correction, stated 
in stanzas 1-2, is known as aksa-drkkarma. 

1 Cf. MBk, vi. 1-2U). 

2 The Moon's ayana is north or south according as the Moon is in the 
half- orbit beginning with the tropical (sayana) sign Capricorn or in that 
beginning with the tropical (sayana) sign Cancer. 

8 Cf. MBh, vi. 2(ii)-3. 
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Suppose that a planet is rising on the eastern horizon or setting on the 
western horizon. Then the portion of the ecliptic lying between the hour 
circle of the planet and the horizon is defined as the aksa valana of the planet; 
and the portion of the ecliptic lying between the hour circle and the circle of 
longitude is defined as the ayana valava of the planet. 

The true longitude of a planet calculated in accordance with the rules 
stated in chapter II above denotes the longitude of that point of the ecliptic 
where the planet's circle of longitude meets it. The object of the visibility 
corrections is to obtain the longitude of that point of the ecliptic which rises 
or sets with the planet. This has been done in two steps by the successive 
application of the aksa- and ayana- drkkarmas. The natural order, however, is 
to apply the ayana-drkkarma first and .the aksa-drkkarma next. Generally this 
natural order of correction has been followed by the Hindu astronomers. 

The formulae for the aksa- and ayana- drkkarmas for the Moon stated in 
the text are : 

RsiPfft xRstn (Moon's l atitude) 

aksa-drkkarma = — ; — > 

Rcos 9> 

Rversin (M— 90°) X Rsin g X Moon's latitude 
ayana-drkkarma 1 ^ — » 

where M is the Moon's (tropical) longitude, <f> the latitude of the place, and 
€ the Sun's greatest declination. 

For the rationale and discussion of these formulae, the reader is refered to 
my notes on MBh, vi. 1-3. 

Minimum distance of the Moon from the Sun, in terms of deg- 
rees of time, at which she becomes visible : 

5. When the Moon obtained by applying these (two visi- 
bility) corrections is found to be twelve degrees (of time) distant 
from the Sun, she shall be (just) visible in clear cloudless sky. 2 



1 What the author really means is that : 

Rversin {b huja (M — 90°U X Rsin g X Moon's latitude 
ayana-drkkarma = ■ - J£3 

2 Cf. MBh, vi. 4(H)- 5(i). [While consulting my edition of the MBh, read 
"time of setting'* in place of "oblique ascension" in line 21, p. 186, and "sett- 
ing" in place of "oblique ascension" in line 31, p. 183. Similarly, the word 
<W' occurring in lines 5 and 7, p. 192, should be changed into "asus of 
setting", and that occurring in line 9, p. 192, into "asus of rising". The last 
sentence of that paragraph should be deleted]. 
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360 degrees of time are equivalent to 60 ghaiis or 21600 asus, so that one 
degree of time is equivalent to 1/6 of aghatl or 60 asus. Thus 12 degrees of 
time are equivalent to 2 ghatis. 

On the fifteenth lunar day of the dark half of the month, the Moon comes 
near the Sun from behind and is lost in his splendour. After about two days 
she is beyond the limit of invisibility and is again seen in the sky af .er sunset 
being in advance of the Sun. 

In order to see whether the Moon will be visible on the first or second 
lunar day of the light half of the month, one should calculate the (tropical) 
longitude of the Sun for sunset on that day and also for the same time the 
(tropical) longitude of the Moon as corrected for the visibility corrections. If 
the portion of the ecliptic lying between the Sun and the Moon thus obtained 
sets at the local place in two ghaiis or more, the Moon will be visible after 
sunset on that day, otherwise not. Similarly, in order to see whether the Moon 
will be visible before sunrise on the fourteenth or fifteenth lunar day of the 
dark half of the month, one should calculate the (tropical) longitude of the Sun 
for sunrise on that day and also for the same time the (tropical) longitude of 
the Moon as corrected for the visibility corrections. If the part of the ecliptic 
lying between the Sun and Moon thus obtained rises at the local place in two 
ghatis or more, the Moon will be visible before sunrise on that day, otherwise 



not. 



A rule relating to the determination of the measures of the illumi- 
nated and unilluminated parts of the Moon : 

6-7. (In the light half of the month) the Rversed-sine of 
the difference ( between the longitudes of the Moon and the Sun) 
multiplied by the true diameter of the Moon and divided by 
6876 gives the measure of the illuminated part (of the Moon). 
When the difference exceeds a quadrant, one should add the radi- 
us to the Rsine of the excess and from that (find) the measure of 
the illuminated part. In the dark half of the month, one should 
obtain in the same way, the unilluminated part (of the Moon) 
with the help of the Rversedsine (of the difference between the 
longitudes of the Moon and the Sun diminished by 6 signs) and 
from the Rsine (of the excess of that difference over a quad- 
rant). 1 



'Gf . MBh, vi. 5(ii)-7. 
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That is, if the longitude of the Moon minus the longitude of the Sun be 
denoted by D, then 

(i) In the light half of the month, the illuminated part of the Moon 

_ Rversin D x Moon's true diameter , 
6876 

if D < 3 signs; and 

= [R-fRsin (D— 90°)] x Moon's true diameter 
6876 — — — , 

if I? > 3 signs. 

(ii) In the dark half of the month, the unilluminated part of the Moon 

Rversin (D— 180° ) X Moon's true diameter 
- 6876 
if D > 6 signs; and 

= [R+Rsin (D-2 70")] x Moon's true diameter 
6876 " ' 

if D > 9 signs. 

"Moon's true diameter" means "Moon's angular diameter in minutes". 
See supra, ah. TV, stanza 5. 

For the rationale of these formulae, see my notes on MBh, vi. 5 (ii)-7. 

Verses 8-17 relate to the elevation of the horns of the Moon in the first 
quarter of the lunar month. 

A rule regarding the determination of the Moon's sahkvagra at 
sunset : 

8. From the asus intervening between the Sun and Moon 
(corrected for the visibility corrections) and from the Moon's 
earthsine and ascensional difference, determine the Rsine of the 
(Moon's) altitude; and from that find out the (Moon's) sahkvagra, 
which is always south (of the rising-setting line of the Moon). 1 

The asus intervening between the Sun and the Moon (corrected for the 
visibility corrections) are the asus to elapse before moonset. To obtain these 
asus, one should increase the above longitudes of the Sun and the Moon both 
by six signs and find the oblique ascension of the portion of the ecliptic lying 
between the two positions thus found. 

The Moon's earthsine is the portion of the Moon's diurnal circle intercep- 
ted between the local and equatorial horizons. The Moon's ascensional diffcr- 

1 Cf. MBh, vi. 9. 
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ence is the corresponding time, i.e., the time that the Maon take? in moving 
from the equatorial horizon to the local horizon. The Moon's sahkvagra is the 
distance of the foot of the perpendicular dropped from the Moon on the plane 
of the horizon, from the rising-setting Jine of the Moon. 

The methods of finding the Moon's earthsine, ascensional difference, alti- 
tude and sahkvagra are similar to those for the Sun. 

A rule relating to the determination of the Moon's true decli- 
nation and the Moon's agra : 

9-10. The Rsine of the difference or sum of the (Moon's) 
latitude and declination according as they are of unlike or like 
directions is (the Rsine of) the Moon's true declination. 1 From 
that (Rsine of the Moon's true declination) determine her day- 
radius, etc. Then multiply (the Rsine of) the Moon's (true) 
declination by the radius and divide by (the Rsine of) the colati- 
tude : then is obtained (the Rsine of) the Moon's agra. 2 

The true declination of the Moon means the declination of the centre of 
the Moon's disc. 

The Rsine of the Moon's agra is the distance between the east-west line 
and the Moon's rising-setting line. 

A rule relating to the determination of the base (bahu) : 

ll-12(i). If that (Rsine of the Moon's agra)- is of the same 
direction as the (Moon's) sahkvagra, take their sum ; otherwise, 
take their difference. Thereafter take the difference of (the 
Rsine of) the Sun's agra and that (sum or difference) if their 
directions are the same, otherwise take their sum : thus is obtain- 
ed the base {bahu). 3 

Construction of the figure exhibiting the elevation of the lunar 
horns in the first quarter of the month at sunset : 

12(ii)-17. Lay that (base) off from the Sun in its own direc- 
tion. (Then) draw a perpendicular line passing through the head 



1 Cf. MBh, vi. 8. 

a Gf. MBh, vi. 10-1 l(i). 

8 Cf. MBh, vi. ll(ii)-12. 
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and tail of the fish-figure constructed at the end (of the base). 
(This) perpendicular should be taken equal to the Rsine of the 
Moon's altitude and should be laid off towards the east. The 
hypotenuse-line should (then) be drawn by joining the ends of 
that (perpendicular) and the base. 

TheMoonis (then) constructed with the meeting point of the 
hypotenuse and the perpendicular as centre; and along the hypo- 
tenuse (from the point where it intersects the Moon's circle) is laid 
off the measure of illumination towards the interior of the Moon. 

The hypotenuse (indicates) the east and west directions : 
the north and south directions should be determined by means 
of a fish-figure. (Thus are obtained the three points, viz.) the 
north point, the south point, and a third point obtained' by lay- 
ing off the measure of illumination. 

(Then) with the help of two fish-figures constructed by the 
method known as tri'sarkaravidhana draw the circle passing 
through the (above) three points. Thus is shown, by the eleva- 
tion of the lunar horns which are illumined by the light between 
two circles, the Moon which destroys the mound of darkness by 
her bundle of light. 1 

Exhibition of the lunar horns in the second quarter of the month : 

18. (When the Moon is) in the eastern half of the calestial 
sphere, the true base should be found out with the help of the 
rising point of the ecliptic and the Moon's agra, etc.; and the un- 
mentioned element (i.e., the upright) should be laid off towards 
the west 2 

The true base here corresponds to the base of stanza 11. 

A rule for finding the duration of visibility of the Moon in the 
light half of the month : 

19. The nadts (of oblique ascension of the portion of the 
ecliptic) intervening between the Sun and the Moon 3 (at 

1 Cf. MBh, vi. 13-17. 

2 Cf. MBh,v\. 19. 

3 Corrected for the visibility corrections. 
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moonset), both increased by six signs, calculated by the method 
of successive approximations, give the duration of visibility of 
the Moon in the light half of the month. 1 

The process of successive approximations may be explained as follows : 
Compute the (tropical) longitudes of the visible Moon 2 and the Sun for sunset 
and increase both of them by six signs Then find out the asus (A^ due to ob- 
lique ascension of the part of the ecliptic lying between the two positions thus 
obtained. Then A 1 asus denote the first approximation to the duration of the 
Moon's visibility at night. Then calculate the displacements of the Moon ar d 
the Sun for A x asus and add them respectively to the longitudes of the visible 
Moon and the Sun for sunset, and increase the resulting longitudes by six 
signs; and then find out the asus {A 2 ) due to the oblique ascension of the part 
of the ecliptic lying between the two positions thus obtained. Then A 2 asus 
denote the second approximation to the duration of the Moon's visibility at 
night. Repeat the above process successively until the successive approxima- 
tions to the duration of the Moon's visibility agree to vighath. 

The time thus obtained is in civil reckoning. If, however, use of the 
Moon's displacement alone be made at every stage, the time obtained would 
be in sidereal reckoning. 

According to theinterpretation of the commentator Sankaranarayana, the 
translation of the text would run as follows : "The riadis (of oblique ascension 
of the portion of the ecliptic) lying between the Sun as increased by six signs 
and the Moon (at moonrisej calculated by the method of successive approxi- 
mation give the time of moomise (before sunset) in the light half of the 
month." 

The process of successive approximations in this case would be as follows: 
Calculate the longitudes of the Sun and the visible Moon for sunset, and 
increase the former by six signs. Then find out the asus (flj due to oblique 
ascension of the part of the ecliptic lying between the two positions thus ob- 
tained. Then B l asus denote the first approximation to the time between 
moonrise and sunset. Then calculate the displacements of the Moon and 
the Sun for B t asus, and subtract them respectively from the longitudes of 
the visible Moon and the Sun for sunset, and, as before, increase the latter by 
six signs; and then find out the asus {B 2 ) due to the oblique ascension of the 
part of the ecliptic lying between the two positions thus obtained. Then B 3 



2 C£MBk,vi. 27. 

3 i.e., the Moon corrected for visibility corrections. 
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asus denote the second approximation to the time between moonrise and sun- 
set. Repeat the above process successively until the successive approximations 
to the time between moonrise and sunset agree. The time finally obtained, 
gives the time of moonrise before sunset. This being subtracted from {he du- 
ration of the day gives the time of moonrise as measured since sunrise, 

A rule relating to the time of rising of the Moon on the full moon 
day : 

20-21- If (at sunset) on the full moon day the longitude of 
the Moon (corrected for the visibility corrections) agrees to mi- 
nutes with the longitude of the Sun (increased by six signs), then 
the Moon rises simultaneously with sunset. If (the longitude of 
the Moon is) less (than the other), the Moon rises earlier; if (the 
longitude of the Moon is) greater (than the other), the Moon 
rises later. 

(In the latter cases) multiply the minutes of the difference 
by the asus of the oblique ascension of the sign occupied by the 
Moon and divide by the number of minutes of are in a sign, and 
on the resulting time apply the method of successive approxima- 
tions (and get the nearest approximation to the time to elapse 
at moonrise before sunset or elapsed at moonrise since sunset). 1 

When the longitude of the Moon is less than the longitude of the rising 
point of ecliptic (at sunset), the process of successive approximations will be 
similar to that explained under stanza 19 above while dealing with Sankara- 
narayana's interpretation; when the longitude of the Moon is greater, the pro- 
cess of successive approximations will be similar to that explained below in 
stanzas 23-25. 

A rule relating to the determination of the shadow of the 
gnomon due to the Moon: 

22- From the asus { of the oblique ascension of the portion 
the ecliptic) lying between the rising point of the ecliptic and 
: the Moon (corrected for the visibility corrections) or from those 
(taken in setting at the local place by the portion of the ecliptic) 
lying between the setting point of the ecliptic and the M 



1 Cf. MBh, v. 22. 
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(corrected for the visibility corrections) (according as the Moon 
is above the eastern or western horizon), and from the Moon's 
day radius, etc , determine (the Rsine of) the (Moon's) altitude 
and zenith distance and therefiom the shadow' of the gnomon 
(due to the Moon) 1 . 

A rule for finding the time of moonrise in the dark half of the 
month: 

23-25. Multiply the minutes of arcof the rising sign to be 
traversed by therising point of the ecliptic at sunset by the oblique 
ascension of thatsign and divide by the number of minutes of arc 
in a sign: thus are obtained the asus (of the oblique ascension of 
that part of the rising sign which is below the horizon). 
Adding thereto the asus (of the oblique ascension) of the 
succeeding portion of the ecliptic traversed by the Moon 
calculated for sunset up to the last minute of arc (of her 
longitude), find out the Moon's motion corresponding to that 
time by proportion, and add that to the longitude of the Moon. 
Then by repeating the above process again and again find the 
nearest approximation to the time between sunset and moonrise. 
After the lapse of that time during night, in the dark half of the 
month, is seen to rise the Moon who by her rays of light has 
destroyed the mound of darkness. 3 

The time obtained above is in sidereal reckoning. If the use of the Sun's 
displacement is also made at every stage, the resulting time would be in civil 
reckoning. 



1 See supra, Chapter iii, stanzas 7-10, 11. 

2 Corrected for the visibility corrections, 

3 Cf. MBh, vi. 28-31. 



CHAPTER VII 

VISIBILITY AND CONJUNCTION OF THE PLANETS 

Minimum distances of the planets from the Sun at which they 
become visible: 

1-2. If Venus corrected for the visibility corrections is 9 
degrees (of time) distant from the Sun, it is visible. Jupiter, 
Mercury, Saturn, and Mars are visible in the clear sky when 
their distance (from the Sun) are nine degrees increased succes- 
sively by twos (i.e., when they are respectively at the distances of 
11, 13, 15 and 17 degrees of time from the Sun). 1 The degrees 
of time multiplied by 10 are known as vinadikas. 

Since 360 degrees of time are equivalent to 60x60 vinadikas, therefore one 
degree of time is equivalent to 10 vinadikas. 

A rule relating to the determination of the degrees of time be- 
tween the Sun and a planet: 

3. (When the planet is to be seen) in the east," (its) visibility 
should be announced by calculating the time (of rising of the 
part of the ecliptic between the Sun and the planet 3 ) by using 
the oblique ascension of that very sign (in which the Sun and the 
planet are situated); (when the planet is to be seen) in the west, 
(its) visibility should be announced by calculating the time (of 
letting of the part of the ecliptic between the Sun and the pla- 
net 3 ) by using the oblique ascension of the seventh sign. 4 

A rule relating to the determination of the common longitude of 
two neighbouring planets when they are in conjunction in lon- 
gitude: 

4-5. Divide the difference between the longitudes of the 
two given planets by the sum or difference of their daily motions 

1 Gf. MBh, vi. 44. Also cf. A, iv. 4; ATT, (Sengupta), vi. 6. 

* Cf. MBh, vi. 46(i). 

3 Corrected for the visibility corrections. 

« Cf. MBh, vi. 46(H). 
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according as they are moving in unlike or like directions: then 
are obtained the days, etc. (elapsed since or to elapse before the 
time of conjunction of the two planets) - 1 The longitude of those 
two neighbouring planets should then be made equal up to 
minutes of arc by subtracting from or adding to their longitudes 
their motions (corresponding to the above days, etc) obtained by 
proportion with their true daily motions. 2 

To obtain the nearest approximation to the desired "result, the above 
process should be repeated again and again. 

A rule relating to the determination of the latitudes of the two 
planets which are in conjunction in longitude : 

6-9 (i) . In the case of Mercury and Venus, subtract the longi- 
tude of the ascending node from that of the sighrocca: (thus is 
obtained the longitude of the planet as diminished by the longi- 
tude of the ascending node). 3 The longitudes (in terms of deg- 
rees) of the ascending nodes of the planets beginning with Mars 
are respectively 4, 2, 8, 6, and 10 each multiplied by 10. 4 

The greatest latitudes, north or south, in minutes of arc, (of 
the planets beginning with Mars) are respectively 9, 12, 6, 12, 
and 12, each multiplied by 10. 5 (To obtain the Rsine of the 
latitude of a planet) multiply (the greatest latitude of the planet) 
by the Rsine of the longitude of the planet minus the longitude 
of the ascending node (of the planet) (and divide by the "divisor" 
defined below). 6 

The product of the mandakarna and the slghrakarna divided 
by the radius is the distance between the Earth and the planet : 
this is defined as the "divisor". 7 

i' Cf. MBh, vi. 49-50 (i). 

2 Cf. MBh, vi. 51(i). 

3 Cf. MBh, vi. 53(H)- Also see SiSi, II, vi. 23(i). 
* Cf. MBh, vii. 10(i). 

6 Cf. MBh, vii. 9. 
8 Cf. MBh, vi. 52. 

7 Cf. MBh, vi. 48. 
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Thus are obtained the minutes of arc of the latitudes (of the 
two planets which are in conjunction in longitude). 

Two things deserve mention here. One is that the revolution-numbers 
of the nodes of Mercury and Venus, stated in Hindu works on astronomy, as 
says Bhaskara II 1 , are those increased by the revolution-nnmbers of their res- 
pective sighra-kendras. The result is that when we subtract the longitude of 
the ascending node of Mercury or Venus from the longitude of its sighrocca, 
we obtain the longitude of the planet (Mercury or Venus) as diminished by 
the longitude of its ascending node. The second is that in finding the celestial 
latitude of a planet we should use the heliocentric longitude of the planet and 
not the geocentric longitude. Brahmagupta (628 A. D.) and other Hindu as- 
tronomers have, therefore,prescribed the use of the true-mean longitude in the 
case of Mars, Jupiter and Saturn, and that of the longitude of the planet's 
sighrocca as corrected for the planet's mandaphala in the case of Mercury and 
Venus. 2 

A rule relating to the determination of the distance between the 
two planets which are in conjunction in longitude : 

9-10. From those latitudes obtain the distance between those 
two given planets by taking their difference if they are of like 
directions or by taking their sum if the are of unlike directions. 3 

The true distance between the two planets, in minutes of arc, 
being divided by 4 is converted into ahgulas^ 

Other things should be inferred from the colour and bright- 
ness of the rays of the (two) planets or else by the exercise of 
one's own intellect. 5 

1 See SiSi, II, viii. 23. 

8 See BrSpSi, ix. 9. Also see SuSi, ii. 56-57 ; SiSe, xi. 15 ; and SiSi, II, vi. 

20-25(i). 
a Cf. MBh, vi. 54. 

4 Gf. MBh, vi. 55. 

5 Set SuSi, vii. 18(ii)-23(i). 



CHAPTER VIII 

CONJUNCTION OF A PLANET AND A STAR 

Longitudes of the junction-stars 1 of the twenty-seven naksatras 
(zodiacal asterisms) : 

1-4. Eight, eighteen, ten, fourteen, twelve, eight, twenty- 
two, thirteen, nine, fourteen, thirteen, thirteen, nineteen, twelve, 
twelve, fifteen, ten, six, thirteen, thirteen, twelve, eighteen, eleven, 
twelve, twenty-one, seventeen, and fifteen — each of these 
numbers being increased by (the sum of) the preceding numbers, 
in the order in which they have been stated above, are to be taken 
as the degrees of the longitudes of the junction-stars of the (twenty- 
seven) naksatras. To the longitudes of (the junction-stars of) 
Purvasadha, Sravana, Mula, Magna, Dhanistha, Bharani, and 
Uttarasadha (thus obtained), one should further add thirty mi- 
nutes (of arc). 2 

The longitudes of the junction-stars stated above are, in some cases, slightly 
different from those given in the author's bigger work, the Maha-Bhaskariya. 
The differences are exhibited by the following table : 

Differences between the longitudes of the junction-stars 
in the two works of Bhaskara I 



Junction-star 
of 


Longitude given in 


Differen 


Maha-Bhdskariya 


Laghu-Bhaskariya 


1. Asvin 


8° 


8 e 




2. Bharani 


27° 


26° 30' 


—30' 


3. Krttika 


I s 6° 


I s 6° 





1 The junction-stars (yogatara) of the naksatras are the prominent stars of 
the naksatras which were used in the study of the conjunction of the planets, 
especially the Moon, with them. 

2 Gf. MBh, iii. 63-66(i). 
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Longitude 


given in 


Differenc 


Junction-star 
o 


Maha-bhaskariya 


Laghu- bhasfca riya 


4. Rohinl 


I s 19° 


I s 20° 


-r 1 


5. Mrgasira 


2$ 2° 


OS 0° 

2 3 2 




X rdra 


2 s 10° 


2 3 1U 




7. Punarvasu 


o 3 2 


9.S 0° 




8. Pusya 


J 3 10 


Vi 1 H° 




9. Aslcsa 


3 s 24° 


O 3 i°t 




10. Magna 


jQ no QA^ 


yfS OO on/ 




1 1 . PUrva Phalguni 


4 s 21 


AS Ol ° 




12. Uttara Phalguni 




KS A.° 




13. Hasta 


re nQO 


KS 93° 




14. Citra 




O 




15. Svatl 


o 3 l / 


D 1 / 




16. Visakha 


7 s 2° 


ts no 
7* 2° 




17. Anuradha 


7 s 12° 


7 s 12 




18. Jyestha 


7 s 18° 






19. Mula 


8 s 1° 


8 s 1 30 


+ oU 


20. PHrvaSadha 


3 s 14° 


OS t JO onl 

o' H dU 


i Qft' 


21, Uttatasadha 


8 s 27° 


OS oco oc\i 
o 3 2b ol) 




22. Sravana 


9 s 15° 


OS 1 AS> Q{\> 

y 3 14 JU 




23. Dhanistha 


9 s 26° 


9 3 25 30 


tin' 


24. Satabhisak 


10 s 7° 


10 s 7° 




25. Purva Bhadrapada 


10 s 28° 


10 s 28° 




26. Uttara Bhadrapada 


11 s 15° 


11 s 15° 




27. RevatI 


12 s 


12 s 





vss.6-9] 



LATITUDES OF JUNCTION-STARS 



97 



Conjunction (in longitude) of a planet with a star: 

5. All planets whose longitudes are equal to the longitude 
of the junction-star of a naksatra are seen in conjunction with that 
star. 1 (Of a planet and a star) whose longitudes are unequal, 
the time of conjunction is determined by proportion. 

Latitudes of the junction-stars of the twenty-seven naksatras : 

6-9. North, ten, twelve, five; south, five, ten, eleven; north, 
six, zero; south, seven, zero; north, twelve, thirteen; south, seven, 
two; north, thirty-seven; south, one and a half, three, four, eight 
and a half, seven, seven; north, thirty, thirty-six; south, eighteen 
minutes of arc; north, twenty-four, twenty-six, and zero— these 
have been stated by the learned to be the degrees (unless other- 
wise stated) of the latitudes of the junction stars of the naksatras 
beginning with Asvini in their serial order. 2 

The latitudes stated above are being exhibited below in the tabular form: 



Latitudes of the Junction-stars of the Naksatras 



Junction-star 



Celestial 
latitude 



Junction-star 
of 



Celestial 
latitude 



of 



1 . Asvini 

2. Bharanl 

3. Krttika 

4. RohinI 



10°N 

12 e N 

5°N 

5*S 

10°S 

irs 

6°N 


7 e S 


12°N 
13°N 
7°S 
2°S 



15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 



Mala 

Purvasadha 

Uttarasadha 

Sravana 

Dhanistha 

Satabhisak 

Parva-Bhadrapada 

Uttara-Bhadrapada 

Revatl 



SvatI 

Visakha 

Anuradha 



37°N 
1°30'S 

3°S 

4°S 
8°30'S 

7°S 

7°S 
30°N 
36°N 

18'S 
24°N 
26°N 




5. Mrgasira 

6. Ardra 

7. Punarvasu 



8. Pusya 

9. Asiesa 
10. Magna 



11. Pllrva-PhaJgunl 

12. Uttara-PhalgunI 



13. Hasta 

14. Citra 



1 Cf. MBh, iii. 70(ii). 

2 Cf. MBh, iii. 66(iiJ-70(i). 
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In the Maha-Bhaskariya, the latitudes of Mula and Uttarasadha are stated 
to be 8°20'S and 7°20'S respectively. 

Definition of absolute conjunction of the Moon with a star : 

10. The Moon is in (absolute) conjunction with a junction- 
star when her longitude and celestial latitude both in magnitude 
and direction, are the same as the longitude and celestial latitude, 
in magnitude and direction, of the star. 

Latitudes of the Moon when she occults some of the prominent 
stars of the zodiac : 

11-16. When the Morn attains 160 minutes (of arc) of 
north latitude, she clearly covers the junction-star of the naksatra 
Krttika (i.e., the Pleiades). 1 

Having attained her maximum northern latitude, the Moon 
covers with her disc the central star of the naksatra Magha. 2 

With her latitude 60' (south), the Moon clearly occults the 
cart of RohirJ (i.e., the V-shaped constellation of Hyades); and 
with latitude 256' south, she covers the junction-star (of Rohiru) 
(i.e., Aldebaran). 3 

With her latitude 95 (minutes of arc) south, (the Mcon 
covers the junction-star of) the naksatra Citra (ie., Spica) ; with 
150 (minutes of arc) south, (the junction-star of) the. naksatra 
Anuradha 4 ; anol with 200 (minutes of arc) (south), (the junction- 
star of ) the naksatra Jyestha (i.e., Antares) . 5 

With latitude 87 (minutes of arc south), the Moon clearly 
occults (the brighter of ) the two northern stars of the naksatra 
Visakha; with 24 (minutes of arc) south, (the junction-star of) 
the naksatra Satabhisak (i.e., x Aquarii). 6 

i Cf. MBh, iii. 74(i). 

8 Cf. MBh, iit. 74(ii). 

3 Cf. MBh, iii. 71(ii)-72(i). 

* According to H. T. Colebrooke and E. Burgess, it is 5 Scorpii. Accor- 
ding to Bentley, it is jS Scorpii. 
6 Cf. MBh, Hi. 72(H) -73$. 
6 Cf. MBh, iii, 73. 
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The Moon, situated at her ascending node, occults (the 
junction-stars of) Pusya and Revati (i.e., £ Piscium). 1 

The above occultations (bheda) of the stars by the planet 
(Moon) are based on the minutes of latitude determined from 
actual observation by means of the instrument (called) Yasti. 8 

An astronomical problem on indeterminate equations : 

17. The sum, the difference, and the product increased by 
one, of the residues of the revolution of Saturn and Mars— each 
is a perfect square. 3 Taking the equations furnished by the 
above and applying the method of such quadratics obtain the 
(simplest) solution by the substitution of 2, 3, etc. successively 
(in the general solution). Then calculate the ahargana and the 
revolutions performed by Saturn and Mars in that time together 
with the number of solar years elapsed. 

Let * and y denote the residues of the revolution of Mars and Saturn 
respectively. Then we have to find out two numbers x and y such that each 
of the expressions * ±y t x-y, and xy±l may be a perfect square. 

Let *+jr=4< 2 , and *-j>=40 2 , so that 
JC =2< 5! -f2j3 2 
and y=2°(*-2$\ 
Therefore xy+l = (2a< 2 - l) 2 +4(c( 2 - 0*). 
Hence the condition that xy+l be a perfect square is that 

Consequently, we have 

*=2(p ,4 4-P 2 ) 
and ^=2(j3 4 -jS 2 ), 

1 Cf. MBh, iii. 73(H). 

2 Cf. MBH, iii. 75(i). 

3 According to Parames'vara's interpretation, the first half of this stanza 
means: "The sum, the difference, and the product of the residues of 
the revolution of Saturn and Mars, each increased by cJne, is a perfect 
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where (3=2, 3, 4, .... neglecting the case in which * or y is zero. 1 

Putting j3=2, 3, 4, we see that *=40 and ^=24 is the least solution. 
Assuming now that the residues of the revolution of Saturn and Mars 
are 24 and 40 respectively, we have to obtain the ahargana and the revolu- 
tions performed by Saturn and Mars. 

To obtain the ahargana and the revolutions performed in the case of 
Saturn, we have to solve the equation 

3664 1«-24 _ #i) 
394479375 

where u and v denote the ahargana and the revolutions performed respectively. 

Applying the rules given in the Maha-BKaskarlya (i. 41-45), the general 
solution of the above equation is found to be 

a = 394479375/4/346688814, 
and 3664U4- 32202, 
where t = 0, 1, 2, ... . The least solution corresponds to t = 0. 

To obtain the ahargena and the revolutions performed in the ease of 
Mars, the equation to be solved is 

191402^-40 {9 . 



131493125 

Z and w denoting the ahargana and the revolutions performed by Mars respec- 
tively. 

The general solution of this equation is 

*=131493125*+ 118076020, 
«;=191402j+-171872, 

1 This solution was given by the Hindu Mathematician Narayaria 
(1356 A. D.). See GK, i. 47. The Hindu mathematician Brahraagupta 
(628 A.D.), who was a contemporary of Bhaskara I, had given the 
following solution ; 

y = A(p-y% 

i A (P 8 4-r a )-HP*-r 2 ) 
wn rc A ~ iHiF+y 2 )-iP-yw ' 

which reduces to Narayana's solution by taking y =*1. 

The commentator Udayadivakara has given a unique method for solving 
the above multiple equations. His method has been discussed by me in 
a paper entitled •"Acarya Jayadeva, the mathematician". Sec Canita, 
Vol. 5, No. 1, June 1954, pp. 18-19. 
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where s=0, 1,2 i=0 gives the least solution. 1 

Another astronomical problem on indeterminate equations : 

18. The residue of the minute of Mars multiplied by the 
cube of two and increased by one yields a square-root (without 
remainder) ; that square number multiplied by seven and then 
further increased by one is again a perfect square. Having as- 
certained the residue from this (hypothesis) one who can find 
out ihe longitude of Mars and the ahargana together with the 
number of solar years elapsed is (indeed) the foremost amongst 
the intelligent mathematicians on this earth girdled by the 
oceans. 

Let x denote the residue of the minute of Mars, trten we have to solve 
the equations 

8*+ !=/, say, (i) 
7y4-l=* 2 , say, (2) 
Eliminating j> between (1) and (2), we get, 

56*+8=c 2 . (3) 
Evidently *=1, £=8 is a solution of this equation, so that we may 
take 1 as the residue of the minute for Mars. 2 

Let « be the ahargana corresponding to this residue of Mars. Then 

165371328m- 1 Ml 

=o, (4) 

5259725 v ; 

where c denotes the revolutions performed by Mars is u days. 

Solving (4) we get 

« = 1863192 days, 

© = 2712 revolutions, sign, 25°, 31', 
which agrees with the solution given by the commentator Sankaranarayana. 

The commentator Sankaranarayana has also given an alternative inter- 
pretation of the text. According to that interpretation the above stanza 



1 The results obtained above agree with those given by the commentator 
Sankaranarayana. It may be noted that there is no ahargana which 
may satisfy both equations (1) and (2) above. For, if we take u=£, 
then we get 

39447937f«-131493125.r+228612794*0, 
which is impossible. 

2 According to the commentator Udaya Divakara, one should first find 
the value of y by solving (2) and then substituting this value in (1) find x. 
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would run as follows : 

"The residue of the minute of Mars multiplied by the cube of 2 yields a 
square root (without remainder); that square root being increased by one, 
then multiplied by 7 and then increased by one is again a perfect square. 
Having ascertained the residue from this (hypothesis), one who can find out 
the longitude of Mars and the ehargana together with the number of years 
elapsed is (indeed) the foremost amongst the intelligent mathematicians on 
this earth girdled by the oceans." 

Let R be the residue of the minute of Mars. Then 
7 (J8R +1) + l=*>,say, 

so that 

R = ( I/8 , 

where R and j are integers. 

Putting s-Q, 1, 2, we see that only s=6 and j=8 give integral values 
to R, the corresponding values being 2 and 8 respectively. Thus the residue 
of the minute of Mars is either 2 or 8. 

Let us take R<=2. Then to find out the required ahargana we have to 
solve the equation 

165371 328*- 2 _ 
5259725 *' 

where * denotes the ahargana and y the total number of minutes traversed by 
Mars. 

The general solution of this equation is 

*=5259725f +4386086, 
>=165371328l+ 137903192, 

where f=0, I, 2, ... 

If we take R=Q, we shall get > 
ahargana = 5259725.*+ 3726384, 

where ^-=0, 1, 2, ... 

Sankaranarayana gives the ahargana as equal to 3726384 or 4386086. 
The former correspond* to j=0, and the latter to t=0. 

Object, scope, and authorship of the book : 

19. For acquiring a knowledge of the true motion of 
the planets by those who are afraid of reading voluminous works, 
the Karma-nibandha {i.e., the Maha-Bhaskariya) has been briefly 
told by Bhaskara. 
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THEORY OF THE PULVERISER 
As applied to Problems in Astronomy 

by 

BHATTA GOVINDA 

1 . The following twenty-two stanzas dealing with the theory 
of the pulveriser as applied to problems in astronomy have been 
quoted by Sankara JNarayana (in his commentary on LBh, viii, 
18)^ from certain astronomical work (called Govinda-krti) of 
Acarya Bhatta Govinda. These throw new light on the subject and 
will, it is hoped, be of interest to historians of mathematics. 

2*1. Introduction to the subject : 

i.e., "Although the entire working of the pulveriser has been 
described (by previous writers), but it is not clearly understood. 
So here I explain the theory of the pulveriser more fully." 

2'2. The two kinds of the pulveriser : 

i.e., "The pulveriser is of two varieties, residual and non- 
residual. Of these, the non-residual pulveriser will be explained 
by me first." 

An indeterminate equation of the type 

ax±c 

nr** a) 

or JV *. ax +R l - by+R\ (2) 



1 yadyapyuktafa sakalafa talhapi naitat praliyaU karma 

ata iha kutiakarafa ganitafa samyak pravaksyami || 1 y 

2 sa punch kuttakcro dvividhastavanniragrasagrataya | 
tatra niragro vacyah kuftakaro maya purvam fl 2 !l 
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is called a pulveriser (kultakara) . The pulveriser of the type (I) is called a 
non-residual pulveriser {niragra-kuuakara), and that of the type 2) is called a 
residual pulveriser ftagra kutiakara). 

The difference between the two types will become clearer by the follow- 
ing examples, of which the first relates to the non-residual pulveriser and the 
second to the residual pulveriser: 

Ex. 1. "8 is multiplied by some number and the product is increased by 
6 and then the sum is divided by 13. If the division be exact, what is the 
(unknown) multiplier and what the resulting quotient ?" 

Ex. 2. "What is that number, O mathematician, which yields 5 as re- 
mainder when divided by 12, and 7 when divided by 31 ?" 

The rules given in the following stanzas relate to the non-residual pulve- 
riser, which is of the type (1). It may be mentioned that in equation (1), a 
is called the "dividend", b the "divisor", and c the "interpolator". When 
the interpolator is negative, it is technically called gata ; and when the inter- 
polator is positive, it is called gantavya. 

2 '3. Preliminary operation : 

eft 5HT *T^R> ^TW?rl feftfere* mil 

dwiw4i s?ro *tt<\w* 5?5TRr*r n v u 1 

i.e., "Divide out the dividend (lit. multiplier) and the divisor 
by the (non-zero) remainder of their mutual division. There- 
resulting dividend and divisor are then said to be prime to each 
other. 

"When the gata (i.e., negative interpolator) or gantavya {i.e., 
positive interpolator) is found to be exactly divisible by the 
(non-zero) remainder of the mutual division, (it should be 
understood that the given interpolator corresponds to the true 
non-abraded values of the dividend and divisor, and so) one 
should proceed with the actual (non-abraded) values of the 

1 gunakarabhagaharau vibhajedanyonyabhaktasesena I 
tau tatra bhajyaharau drdhavavaptau vinirdis'.au \\ 3 II 
anyonyasesabhaktafa gatagantavyailn yada niravasesam \ 
tatrestabhyah keryafo kuttanamanyatra drdhabhyam H 4 || 
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dividend and divisor in solving a pulveriser. In the contrary 
case, (it should be understood that the given interpolator corres- 
ponds to the abraded values of the dividend and divisor, and so) 
one should proceed with their abraded values." 

Let X be the greatest common multiple of a and b\ and let a—XA and 
b=\B. If c—\C, then according to the above rule, we have to solve the 
pulveriser 

XAx + \C 

— s— •* 

Ax + C 

01 — f- 

If c is not divisible by X, then vvc should solve the pulveriser 

Ax + c 



In general, a pulveriser is said to be wrong when the interpolator is not 
divisible^ by the greatest common multiple of the dividend and the divisor. 
But in the present case, as will be seen from the following rule, the author 
while enunciating the above rule has in his mind a particular astronomical 
problem in which the dividend denotes the number of revolutions of a planet, 
the divisor the number of civil days, and the interpolator the residue of the 
revolution of the planet. And in such an astronomical problem, the residue 
of the revolution depends upon whether it has been obtained by using the 
actual values of the revolution-number and the civil days or by using their 
abraded values. Hence the justification of the above rule. It is presumed 
that the given problem is in no case incorrect. 

2*4. The method of solving a pulveriser: 
TTFtf ftsrro cresft 5r * 2*t: T&Ji %smr i 

lTTf?TFT ^ §TC «ft5t II «; II 
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i.e.y "Set down the dividend and underneath that (dividend 
set down) the divisor, and then perform their mutual division. 
Write down the quotients (of mutual division) one below (the 
other: the second one under the first, the third one under the 
second, and so on. Carry on the mutual division till the (reduc- 
ed) dividend and the (reduced) divisor are different from zero. 
If the number of quotients (thus obtained) is even, obtain the 
(number called) mati in accordance with the (following) rule; 
and if the number of quotients is odd, obtain the mati con- 
tra rily : 2 

"When the interpolator is negative, divide the interpolator 
by the (reduced) dividend (bhajyahrta-gata) , then subtract the 
resulting remainder from the (reduced) dividend {sesonad bhaj- 
yat) y then multiply the remainder obtained by the (reduced) 
divisor (bhUjakabhihatadehat) , then increase the resulting product 
by the interpolator (gatasahitat) } and then divide the resulting 

1 bhcjyaAi nidhaya tadadho harath ca punah parasparam chindyat I 
labdhamadho 'dhah prathamavaptasyadhastato'pyanyat {[ 5 |[ 
vibhajedevafa yavad bhajakabhajyavasunyarupau stah \ 
matikalpana ca vidhina same pade vyatyayadvisame 11 6 || 
bhajyadbhajyahrtagata'sesonad bhajakabhihatadehat \ 
gatasahitad bhajy'dptam gatasya hanau matirbhavati || 7 [| 
ruponaharagunitadgantavyaptasya bhcjyalabdhasya \ 
harahrtasya ca sesaihyoge haro matirasese [\ 8 || 
matihatabhajyacchodhyam gatamagatafh, yojayettato vibhajet I 
horeqa matirh vallya'dhd'dho nidhayaptamapyasyam II 9 [| 
uparisthamupantyahatamyutamantyenaivameva parata'sca I 

evarn tavat kuryadyavad dvaveva tau ra'si II 10 || 
uparistho hartavyo harenadhahsthiiasca bhajyena | 
sesam diriadi cakradi ca tat syadyacca tenaptam |l 11 || 

2 That is, assuming the dividend as the divisor, the divisor as the divid- 
end, and the positive (or negative) interpolator as the negative (or positive) 
interpolator. 



THEORY OF THE PULVERISER 



107 



sum by the (reduced) dividend (bfiajyaptam) : the quotient (ob- 
tained) is the mati. 

"When the interpolator is positive, diminish the (reduced) 
divisor by one [ruponahara), by that multiply the interpolator 
(ruponaharagunitat gantavya), divide that by the (reduced) divid- 
end (aptasya bhajyalabdhasya) , and then divide the (resulting) 
quotient by the (reduced) divisor (harahrtasya) : the remainder 
(obtained) is the mati. In case the remainder is zero, the divi- 
sor itself is the mati. 

"Multiply the (reduced) dividend by the mati; then sub- 
tract the gata {i e., negative interpolator) from or add the gantav- 
ya {i.e., positive interpolator) to that (product); and then divide 
that (difference or sum) by the (reduced) divisor. Write down 
the maunder the chain (of quotients), and underneath that 
{mati) write down the quotient (obtained) also. 

"By the penultimate number (of the chain of quotients) 
multiply the upper number and (to the product) add the last 
(i.e., lowermost) number. (After doing this rub out the last 
number). Repeat this process again and again until there are 
left only two numbers in the chain. 

te (Of these two numbers) divide the upper number by the 
divisor and the lower number by the dividend (if it is possible). 
The remainders (obtained) denote (respectively) the days, etc, 
and the revolutions, etc., which are the requisite quantities." 
The above rule would be clear by the following example : 

Ex. 3. The residue of the revolution (bhagana-sesa) of Saturn is 24 ; find 
the days (ahargana) and the revolutions performed by Saturn, given that the 
formula for the Sun's revolutions for A days is 3664U/394479375. 

Let * be the unknown days and y the unknown revolutions performed 
by Saturn in x days. Then we have to solve the pulveriser 

3 6641*-24 

t 394479375 y ' 

We see that the numbers 36641 and 394479375 are already prime to 
each other, so we proceed with these numbers. 
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Mutually dividing 36641 and 394*79375 until the remainder is 1 (i.e., 
nonzero), and writing down the successive quotients one below the other, we get 

10766 
15 
2 
7 
22 
2 

The reduced dividend and reduced divisor are 1 and 3 respectively. 
Since the number of quotients obtained is even, and the interpolator is nega- 
tive, we follow the rule for the negative interpolator and thus obtain 27 
for the mati. Multiplying 1 by 27 and subtracting 24 from the product, we get 
3 which divided by the reduced divisor 3 yields 1 as the quotient. 

Writing down the mati and this quotient under the chain of quotients, 
we get 

10766 
15 
2 
7 

22 
2 

27 
1 

Reducing the chain, we successively obtain 

3108044439 (multiplier) 
288689 (quotient) 



10766 


10766 


10766 


10766 


10766 


15 


15 


15 


15 


288689 


2 


2 


2 


18665 


18665 


7 


7 


8714 


8714 




22 


1237 


1237 






55 


55 








27 











Dividing 3108044439 by 394479375, and 288689 by 36641, we get 
346688814 and 32202 respectively as remainders. 

Therefore *=3466888l4,jy=32202. 

These are the least integral values satisfying the equation. 
2*5. An alternative method : 

3*PFr<t spa* ^ sanar trsiifo3Nt' u ^ n 
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<pr ^wr fiffrwst ^%?tt ?ft it u ii 1 

i.e., "or (alternatively), solve the pulveriser by taking +1 
(if the given interpolator is positive) or —1 (if the given inter- 
polator is negative). The remainders (resulting in this way) 
from the upper and lower numbers (of the reduced chain) are 
the (corresponding) multiplier and quotient (respectively). 
Multiply the (given) interpolator severally by these multiplier 
and quotient and divide (the products thus obtained) by the 
divisor and the dividend (respectively). The remainders (thus 
obtained) are respectively the days, etc, and the revolutions, 
etc." 

To get a solution of Ex. 3 by this method, we solve the pulveriser 

366 41 x — 1 , 
394479375 

by the previous method, and get 

*=1 13065211 (multiplier), 
10502 (quotient). 

Now multiplying 1130552U by 24 and dividing, the product by 
394479375, we get 346688S14 as remainder. These are the required days. 

Again multiplying 10502 by 24 and dividing the product by 36641, we 
get 32202 as remainder. These are the required revolutions of Saturn. 

This method is based on the consideration that if x=A,y^B be a solu- 
tion of (ax±l)lb=-y, then x=cA,y=cB will be a solution of {ax±c)jb=y. 

The importance of this method lies in the fact that any astronomical 
' problem tike the one considered above may be solved by taking recourse to 
the table of solutions of the equations {ax±l)jb=>y, for different values of a 
and b. 

1 krtva va kartavyah kulfikarastu rupayutiviyutl 1 
gunakaro labdhafa ca syataih taduparyadhah'sesau |j 12 || 
guttakaragune sese labdhagum harabhaj yasafahrtayoh \ 
sesau tatra kramaso dinacakradi bhavetath tau H 13 !l 
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2 6. When the residue of the revolution is given in terms ol 
signs, degrees, etc. : 

i.e., "When the residue (of the revolution) is given in terms 
of signs, etc., multiply those signs, etc., by the divisor and divide 
(the product) by the number of signs, etc., in a revolution : the 
quotient obtained is the residue of the revolution*" 

Suppose, for example, that the residue of the revolution of the Sun is 
given to be 4 signs, 28 degrees, and 20 minutes. 

Since 4 signs, 28 degrees, and 20 minutes=8900', therefore we multiply 
8900 by 210389 (the divisor in this case) 2 and divide by 21600 (the number 
of minutes in a revolution). In this way we get 86688 as the quotient. This 
is the residue of the revolution. 

To find the days and the revolutions performed by the Sun in this case, 
we will now have to solve the pulveriser 

576* -86638 ^ 
210389 *' 

Following the above method we can also obtain the residue of the sign, 
if it be given in terms of degrees, minutes, etc. 

2*7. When the residue of the sign, etc., is given., and not 
the residue of the revolution : 

1 rasyadavuddi&e ra'syaderbhagaharasarhgunitat I 
raiyadimanalabdhafa syacchesath mandaladliiam \\ 14 II 

2 The formula for the Sun's revolutions corresponding to A days is 
576.4/210389. 

8 yacchesark yutaktnath tajjatlyaih sada bhavati bhcjyam I 
itirasyideh sese bh7jyo ra'syadimanahatah [1 15 11 
rasyadyahatabhejyo harena yo bhavatyadrdharupah I 
tatreslabkyarh tabhyaAi sesavasatkarma kariavyam || 16 IE 
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Pw% TfcPTfcwsr ?ptt 5?r: *tfarir 11 & \\ 

i.e., "The dividend should always be of the same denomina- 
tion as the interpolator which has been added or subtracted. So 
when the interpolator is the residue of the sign, etc., then the 
dividend should be multiplied by the number of signs, etc., (in a 
revolution). 

When the dividend as thus multiplied by the number of 
signs, etc., (in a revolution) is not prime to the divisor, then the 
process of the pulveriser should be performed with their actual 
(non-abraded) values, depending on the value of the residue 
(interpolator) (i.e., provided that the interpolator is completely 
divisible by the greatest common factor of the dividend as multi- 
plied above and the divisor) . In that case the multiplied divid- 
end and the divisor as also the residue (interpolator) should be 
made prime to each other by dividing them by the (non-zero) 
remainder (of the mutual division of the first two). The intel- 
ligent person should (in this case also) find out the mati and pro- 
ceed further with it (in the manner explained heretofore). 

(In case the interpolator is not exactly divisible by the great- 
est common factor mentioned above, the following rule should 
be applied:) If the abraded number of days (viz the abraded 
divisor) and the (abraded) dividend as multiplied (by the num- 
ber of signs, etc., in a revolution) are found to be non-prime to 
each other, then the process of the pulveriser should be perform- 
ed after having made them prime to each other. 



pradrdhaa va kartavyam suddhy'i tenHpavartya sesarh ca \ 
kriyate matirmatimati taya punah karma kartavyam II 1 7 |] 
drdhavasdre ca gunite bhiajye ca tayoradrdhata syat \ 
tabhyaih drdhlkrfd&hyameva tada karma kartavyam \\ 18 |) 
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Verses 15 to 17 relate to the case when the given interpolator corresponds 
to the actual values of the dividend and divisor, and verse 18 to the case 
when the given interpolator corresponds to the abraded dividend and abrad- 
ed divisor, 

2'S. When the dividend is greater than the divisor: 

q^r fe$m *rfcr: q^nPr <j;?jt yftrifsT ti 

i.e., "when the dividend is greater than the divisor, divide 
the dividend by the divisor and set down the quotient (obtained) 
in a separate place. Then (treating the remainder of the divi- 
sion as the new dividend) having carried out the aforesaid ope- 
rations ending in the reduction of the chain (of quotients), 
increase the lower number (of the reduced chain) by the prod- 
uct of the upper number (of the reduced chain) and the quotient 
written in a separate place. This has been stated to be the 
difference (in this case); the other things are the same as stated 
before." 

Ex. 4. Solve the pulveriser 

23*- 1 

Since the dividend 23 is greater than the divisor 7, we divide 23 by 7. 
Thus we get 3 as quotient and 2 as remainder. Treating 2 as the new divid- 
end, we solve the pulveriser 

7 . 

The chain of quotient thus obtained is 

3 

1 {matt) 
1 

1 haradadhike bhaiye haraptah bhvjitaAt prthakkrtya I 
vallyupaharantath purvoktath karma nispadya || 19 tl 
tatroparirasyahataprthaksthasahito bhavedadhorasih \ 
ef a viseso gaditah paramapi tulyarh puroktena \\ 20 || 
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The reduced chain is 

4 
I 

Adding to the lower number 1 the product of the upper number 4 and the 
quotient obtained in the beginning, we get 

4 
13 

Hence x—4-,y=l3. 

2'9. When the residue of the sign, or degree, etc., is given. 
(An alternative Process): 

i.e., "When the residue of the sign, etc., is known, some 
(writers), assuming the number of signs, etc, in a revolution as the 
dividend and applying the process of the pulveriser, first find out 
the residue of the revolution, and then from the residue of the 
revolution obtain the revolutions (performed by the planet) and 
the days (i.e., ahargana) by applying the same process again." 

The following example will illustrate this rule. 

Ex.5. The residue of the sign of the Sun is 154168; find the days 
{ahargana) and the revolutions and signs of the Sun's longitude. 

Here we first solve the pulveriser 

J2 M -j54168 = 
210389 V ' 

where a denotes the residue of the revolution of the Sun, and v the signs of 
the Sun's longitude. 

Thus we get 

«=82977, 
. 0=4. 

1 kecidgrhadisese (jnate) tanmandaladisesasya I 
tanmanam canayate bhajyasthane tu parikalpya 11 21 [| 
krtva kut-takaraih mandalasesena tatra labdhena I 
bhagananath ca dinanamanayane kurvate bhuyah [\ 22 \\ 
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Now we solve the pulveriser 

576*- 82977 
210339 y> 

where x denotes the days {ahargana) andj» the revolutions of the Sun's 
longitude. 

We get *= 176564, _y=5800. 

When the residue of the minute is given, then, according to the above 
rule, we 6rst find the residue of the degree, then the residue of the sign, then 
the residue of the revolution, and then the days {ahargana) and the revo- 
lutiom. 



APPENDIX 2 



PASSAGES FROM THE L AGHU-BH AS K ARI Y A 
QUOTED OR ADOPTED IN LATER WORKS 

{a) Passages Quoted 

Passages from the Laghu-BhZskartya occur as quotations in 
the following commentaries : 

(1) Karavinda Svaml's commentary on the Ipastamba-sulba- 
sutra, 

(2) The Prayoga-racarii, an anonymous commentary on the 
Maha-Bhaskarlya. 

(3) Suryadeva's commentaries on the Iryabhatlya and the 
Laghu-manasa. 

(4) Yallaya's commentary on the Iryabhatlya. 

(5) Nllakantha's commentary on the Iryabhatlya. 

(6) Raghunatha Raja's commentary on the Iryabhatlya. 

(7) Commentary on the Tantra-sahg raha of NUakantha. 

(8) Govinda Somayaji's commentary, entitled Da'sadhyayi, . 
on the Brhajjataka of Varariamihira. 

(9) Visnu Carina's commentary on the Vidya-madhaviya. 

Below we refer briefly to these passages and to the places 
where they occur as quotations. 

1 . Passage quoted by Karavinda Svami. 1 
Passage quoted: LBh, iii. 1. 

Quoted under: Apastamba-sulba-sutra, patala 1, khanda I, 
sutra 1. 

2. Passages quoted in the Prayoga-racaria. 

Passages quoted : LBh, i. 19-21, 22. 
Quoted under: MBh, iv. 1-2. 

1 This passage shows that Karavinda Svami lived after Bhaskara I, i.e., 
after A. D. 629. In this connection see B. Datta, Science of tke Sulba, 
Calcutta (1932), pp. 16-17. 
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3. Passages quoted by Surya'deva. 

Suryadeva has quoted a number of passages from the Laghu- 
Bhaskariya, which are arranged below in the tabular form. 

(i) Passages quoted in the commentary on the Aryabhatlya. 



Passages quoted 


ijjuotect uiiuci 


LBh, i. 9(ii). 


Z, i. 2; iii. 6 


LBh, i. 10-11 (i) 


A, i. 2. 


LBh, i. 12(ii)-13(i) 


A, i. 3. 


LBh, i. 14(i) 


A, i. 3. 


LBh, i. 7(i) 


A, iii, 6. 


LBh, i. 14 (ii) 


A, i. 3; iii- 5. 


LBh, i. 15-17 


- A, iii. 6. 


LBh, iii. 26 


A, iii. 22. 


v LBh, ii. 3(ii) 


1, iii. 24. 


LBh, ii. 6-7 (i) 


Z, iii. 25. 


LBh, iii. 5 


A, iv. 25. 


LBh, iv. 2-3 


Z, iv. 41. 



(ii) Passages quoted in the commentary on the Laghu-manasa. 



Passages quoted 


Quoted under 


LBh, i. 49, 15-16 


opening remarks 


LBh, i. 10(i) 


LMa, i. 8. 


LBh, i. 12(ii), 10(i) 


LMa, i. 9. 


LBh, i. 11 (i), 14(i) 


LMa, i. 10. 


LBh, i. 19-21 


LMa, ii. introduction 


LBh, ii. 8 


LMa, ii. 4. 


L£A, li. 8; i. 23; iii. 20 


LM3, iii. 3. 


LBh, iii. 5-6 


LMa, iv. 2. 


LBh, iii. 17-20 


LMa, iv. 3. 


LBh, ii. 29 


LMa, iv. 4. 


ZJ?/j, iv. 2-5 


LMa, v. 3. 


LBh, iv. 2, 3, 7 


LMa, v. 4. 


L5A, ii. 6-7 (i) 


LMa, v. 5. 


LBA, iv. 8. 


LMa, v. 6-7 


LBh, iv. 11, 12, 14. 


LMa, v. 13 


LBh, vii. 2(i) 


LMa, vi. 3 
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4. Passages quoted by Yallaya. 

Passages quoted 
LBh, i. 15-17 
LBh, ii. 6-7 (i) 
LBh, I 14 (ii) 
LBh, i. 9{ii) 

5. Passages quoted by NUakantha. 

Passages quoted 
LBh, i. 1 

LBh, ii. 8, 15(ii),9-10, 

14-15(ii) 
LBh, ii. 29 
LBh, i. 14(ii). 



8. 



Quoted in his comm. on 
A, iii. 6 
A, iii. 25 
1, iv. 4 
A, iv. 4 



Quoted in his comm. on 
A, iii. 11. 



2, iii. 22-25 
A, iii. 3 
Z,ii. 32-33 



Passages quoted by Raghunatha Raja. 

Passages quoted Quoted in his comm. on 

LBh, i. 9, 10, ll(i) 2, i. 2 

LBh, i. 12, 13(i), l£(i) I, i. 3 
i. 14(H) I, i. 4 

Passage quoted in the commentary on the Tantra-sahgraha. 

Passage quoted : LBh, iv. 9. 
Quoted under : TS, iv. 20(ii)-21 (i). 

Passage quoted in the Dasadhy^yt 1 

Passage quoted : LBh, iii. 5 ff. 
Quoted under : BJ, i. 19 



9. Passages quoted by Visnu 6arma. 

Passages quoted : LBh, v. 2-4 (i) 
Quoted under : ViMa, i. 13 



LB^ viii. 1-5 
ViMa, xiv. 5 



1 This passage has been cited by S. Dvivedi in his Ganaka-tarahgini p. 14. 



(b) Passages Adopted 

The following verses occurring in the Tantra-sahgraha ("A 
collection of tantras") of Nilakantha (15G0 A. D.) are either 
verbatim reproduction or reproduction with verbal alterations of 
the verses found in the Laghu-Bhaskariya : 

1. (i) Version of the Tantra-sahgraha. 

m^rt ^mm: "rfif^r ^?nr n 1 
(ii) Version of the Laghu-Bhaskariya. 

Both the versions of the same. 

2. (i) Version of the Tantra-sahgraha. 

(ii) Version of the Laghu-Bhaskariya. 

f^^P#^^T?ft*rerc>: FT)?: ii 3 

3. (i) Version of the Tantra-sahgraha. 

totitt: Tn=fft«T«ft: i 



1 desantaraghatiksunng madhya bhuktirdyucariijam I 
sastya bhaktamr^am pracyam rekhayah pascime dhanam II 
'/' * {LBh, i. 31), 

z svastaneMyatanacchuddhe vakrabhogo'vasisyate 1 
viparitavisesotthah carabhogastayoh sphutah 11 



3 svastanc'dyatanacchuddhe vakrabhogah praklrtitah I 
viparltavisesotthascarabhogastayob sphutah II 

4 udaksthe'rke carapra^iah sodhyassvam yamyagolayoh I 
vyastamastc tu samskarya na madyahnardharatrayoh il 



{TS, ii. 68). 
(LBh, ii. 41). 

(TS, ii. 29). 
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(ii) Version of the Laghu-Bhaskarlya. 
4. TS, ii. 53-56 and LBh, ii. 25-28 are also the same. 



1 udaggolodaye sodhyadeya yamye viVasVati 1 
vyatyayo'stasthite karya na madhyahnardhatatraybl* II 

(LBh, ii. 20) 



GLOSSARY 
of Terms used in the Laghu - Bhaskarlya 



Amsa (srer) Degree (°). 

Ath'saka (arers) = Amsa (Degree) 

Aksa (stst) Latitude. [The term 
Aksa is an abbreviation of the 
complete term Aksonnati, 
meaning "the inclination of 
the (earth's) axis (to the 
plane of the celestial hori- 
zon)", i.e., the latitude of the 
place. Aksa = axis, unnati 
— inclination.] 

Aksa-guna (snfffT) The Rsine of 
latitude. 

Aksa-jiva (srersftaT) The Rsine of 
latitude. 

Aksa-jya (arsT^qr) The Rsine of 
latitude. 

Aksasya valanam (srerer ^Fr^nr) See 
Aksavalana. 

Agata (stow) Untra versed por- 
tion; portion to be traversed, 

Agni (arfrr) Three. 

Agra(wx) (I) End. (2) Agra. 

Agra (srcrr) The arc of the celes- 
tial horizon lying between 
the east point and the point 
wheie the heavenly body 
concerned rises; or the Rsine 
thereof, which is equal to the 
distance between the east- 
west line and the rising- 



setting line of the heavenly 
body concerned. 
Ahga (srf ) Six. 

Ahgula (si^pr) Finger-breadth. 
A unit of linear measurement 
defined by the breadth of 
eight barley corns. 

Add (3rfs) Seven. 

Adhimlsa (arfaimr) Intercalary 
month. 

The intercalary months 
denote the excess of the 
lunar (synodic) months 
over the solar months. Thus 
intercalary months in z.yuga 
= lunar months in a yuga 
minus solar months in ayuga. 

A true intercalary 
month is one in which the 
Sun does not pass from one 
sign into the next. 

Anupata (st^tkt) Proportion. 

Anuloma (srpffa) Direct. 

A planet is said to be 
anuloma when its motion is 
direct, i.e., from west to 
east. 

Anulomaga (3ppfta*r) A planet 
having direct motion, i. e., 
moving from west to east. 

Antarala [W^m) Interval. 
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Antya-jya~ (srjt^tt) The current 
Rsine-difference, i.e., the 
Rsine-difference correspond- 
ing to the elementary arc 
occupied by a planet. In 
Hindu trigonometry a quad- 
rant of a circle is divided 
into 24 equal parts, called 
elementary arcs. 

Antya-maurvi {^hh\4\) Same as 
Antya-jya'. 

Apakrama, (stt^t) Declination. 

Apakrama-dhanu The 
arc of declination, or simply 
declination. 

Apakranti (apnnfNr) Declination. 

Apakranti-capa {m^te^m) The 
arc of declination. 

Apakranti- bhaga (arc^rfarm) Decli- 
nation. 

Apama (sptit) Declination. 

Apamo gunah {3PT*ff m:) The 

Rsine of declination. 
Apara (w) (1) West. (2) Apa- 

ra~hna or afternoon. 

4par3 ianr^T) West. 
ApaTdhna (anrcr^:) Afternoon. 

(srfssr) Four. 
Abhuktamsa (apr^r) Untraversed 
portion. 

Abhya~sa (spRmr) Multiplication. 
Amrtatejas (artr^srcr) The Moon. 
; Ambara (arrsn;) Zero. 
Ambhodhi (3F*ftfa) Four. 
4kwk& (apw) The northward or 
southward course of a planet, 



particularly the Sun. The 
ayana of a planet is north or 
south according as the planet 
lies in the half-orbit begin- 
ning with the tropical sign 
Capricorn or in that begin- 
ning with the tropical sign 
Cancer. 

Ayuta (arp) Ten thousand. 

Arka (arf) ( I ) The Sun. (2 ) Twelve. 

Arkaja (appsr) Saturn. 

Arka-suta (ar&pr) Saturn. 

Arka'gra' (mto) The Sun's Agra. 
See Agra. 

Arkodaya (st^t) Sunrise. 

Ardha-pancama {3R<T^w) Four and 
a half (4£). Literally, five 
minus half. 

Ardharatra (ankra-) Midnight. ' 

Avanat'i (anr^fa) Moon's true lati- 
tude as corrected for paral- 
lax. 

Avamaf&ira (wrr) Omitted 
lunar days, or omitted titkis. 

Avisista (arf^f^) Obtained by 
applying the method of suc- 
cessive approximations. 

Avisesa-karma (arfaSl'SHH) Method 
of successive approxima- 
tions. 

Avisesa-kalakarija (3ri%%^5rr^w) 
The distance (lit. hypotenuse) 
of a planet, in minutes, 
obtained by the method of 
successive approximations. 
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Avi'sesana (arfaSraT) Same as Avi- 

sesa-karma. 
Asvi (srfar) Two. 
A'svin (stfonr) Two. 
A'svim (aren't) Name of the first 

naksatra. 
As ft (srfe) Sixteen. 
Asita (arfer) (1) Asita-paksa, 

i.e., the dark half of a lunar 

(synodic, month. (2) The 

measure of the unilluminated 

part of the Moon. 
Asu (arg) A unit of time equal to 

four sidereal seconds. 
Asia (arer) (1) The setting of a 

heavenly body. (2) Asta- 

lagna, i.e., the setting point 

of the ecliptic. 
Astamaya (3R^m) Setting. 
Astodqyagra-rekha (ar^ft^T^F) 

The rising-setting line. 
Ahan (sr?*) Day. 

Ahargana (ar^Fr) The number of 
mean civil days elapsed 
since the beginning of Kali- 
yuga (or any other epoch). 

Ahoratra (sr^tm) (1) A day and 
night, a nychthemeron. (2) 
The day-radius, i.e., the 
radius of the diurnal circle. 

Ahora'tra-dala (srfTTT^^r) Same as 
Ahordtrardha-viskambha. 

AhorZtrHsu (arfftl^Tg) The number 
of asus in a day and night, 
i.e., 21600. 

Ahoratr'Srdha (s^T^r) Same as 
Ahoratrardha-viskambha. 



Ahorfitrcirdha-viskambha (anftTPTFT- 
f<p»frj:?T) Semi-diameter of 
the diurnal circle (of a 
heavenly body, particularly 
the Sun), i.e., the day- 
radius. 

Aditya (srrfcc^) The Sun. 

Apya (arr^r) The naksatra Purva- 
sadha, which is presided over 
by Apa. 

A'sH (amir) Direction. 

Indu{^%){\) The Moon.(2) One. 

Inducca (? f ^ 5 ^) The Moon's apo- 
gee, i.e., the remotest point of 
the Moon's orbit. 

Indvagra (l^?r) Moon's agrTi. See 
Agra. 

Isu (^|) Five. 

Ista {^) (1) Given, desired, or 
chosen at pleasure. (2) 
Ista-graka, i.e., desired or 
given planet. 

Ista-kala (^z-m^) Desired time 
or given time. 

Ista-graha Desired or 

given planet. 

Istasu (^T^) Given asus. 

Ucca (3^) Ucca (apex) is of two 
kinds: (1) Mandocca (apex 
of slowest motion), and (2) 
Sighrocca (apex of fastest 
motion). The mandocca is 
that point of a planet's orbit 
which is at the remotest 
distance and where the 
motion of the planet is 
slowest. In the case of the 
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Sun or Moon, it is the apo- 
gee; and in the case of the 
other planets it is the apogee 
or aphelion, the geocentric 
longitude of the apogee being 
equal to the heliocentric 
longitude of the aphelion. 
The sighrocca of a superior 
planet (Mars, Jupiter, or 
Saturn) is defined as the 
mean Sun; that of an inferior 
planet (Mercury or Venus) 
is an imaginary body which 
is supposed to more in such 
a way that its direction from 
the Earth is always approxi- 
mately the same as that of 
the actual planet from the 
Sun. 

Utkrama (3^r) (1) Reverse 
order. (2) Utkrama jya. See 
Utkramajya. 

Utkramajiva (^Tsftar) Same 
as Utkramajya. 

Utkramajya (sfWfrr) Rversedsine. 
Rversin 

= Radius X (l—cos0). 

U tkramajya-phala (^cw^iw ) 
Result (or correction) deriv- 
ed with the help of the 
utkramajya of a certain 
arc. 

Utkramabhava jiva (scWJTTT ^fter) 

Same as Utkramajyi . 
Uttara (^rr) North. 
Udak (^P) North. 



Udaggola ( sswfta" ) Northern 
hemisphere. 

Udaya (357) ( 1 ) The rising of a 
planet on the eastern hori- 
zon. (2) Heliacal rising of a 
planet. (3) Udaya-lagna, i.e., 
the rising point of the eclip- 
tic. (4) Addition, as in 
Ksayodayau (subtraction and 
addition). 

Upapluti (3T^fa) Eclipse. 

Usnadldhiti (ssw^fafr) The Sun. 

Rtu (^5) Six. 

Ekadikka (^feR>) Same direction. 

Aindnifcil) The east, eastern 
direction (presided over by 
Indra). 

Ojn (afar) Odd. 

Kakubh (vf*r) Ten. 

Karana (*PTT) The name of one 
of the five principal elements 
of the Hindu Calendar. 

Karkata The sign Cancer. 

Karna (^) (1) The hypote- 
nuse of a right-angled 
triangle. (2) The distance 
of a heavenly body. 

Karnabhukti (^ofaftrr) True daily 
motion of a planet derived 
with the help of the planet's 
distance. 

Karnasutra (^"T^) The hypoten- 
use-line. 

Kala (^tt) Minute of arc. 
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Kalpa (^t) Addition. 

Ktirmuka (^ufo) Arc. 

Kila (^) Time. 

Kilabhaga (tmvm) The degrees 

of time. 

One degree of time 

is equivalent to 60 asus or 10 

viriadh. 
KisjhS (sftest) Direction. 
Ku ($) Earth. 
Kuja (fsr) Mars. 
Krta (f?r) Four, 
iffft" Square. 
Krttikfi (ffirar) The naksatra 

.Krttika. 

iiWra (^S) (1) Anomaly. The 
Ag«</ra is of two kinds : ( 1 ) 
manda-kendra, and (2) sighra- 
kendra. The manda-kendra of 
a planet is equal to "the 
longitude of the planet minus 
the longitude of the planet's 
mandocca (apogee)" and the 
sighra-kendra of a planet is 
equal to "the longitude of 
the planet's sighrocca minus 
the longitude of the planet." 
(2) Centre. 

Kendra-bhukti (%^fw) The daily 
motion (or change) of a 
planet's anomaly (hendra) ; 
or anomalistic motion. 

Koti (^fc) (1) The upright of a 
right-angled triangle. 

(2 ) The Koti correspond- 
ing to a planet's anomaly. 



If be the anomaly (or any 
arc or angle) then the corres- 
ponding koti is equal to 
90° — 0, 0—90°, 270° -0, or 
g—270 o according as < Q 
< 90°, 90° < <180°, 180° 
<0<27O°,or 27O°<0<36O°. 
Kotiphala {^tfvm) The result 
obtained by multiplying the 
Rsineof koti due to a planet's 
kendra by the tabulated epi- 
cycle and dividing the pro- 
duct by 80. 
Kotisadhana (^faiT«PT) Same as 

Kotiphala. 
Kofisutra (*fftfe^r) The thread or 
line denoting the upright of 
a right-angled triangle; a 
perpendicular line. 
Krama (^3T) Serial order. 
Kramajya (^>*twt) Same as JyH. 
Kramabhava jtva (^fpt^t sfkr) 

Same as Kramajya. 
Kranti (^>rfar) Declination. 
Kriya (for) The sign Aries. 
Ksapa~bhartr (STTTtq ) Moon. * 
Ksaya (spt) Subtraction. 
Ksitija (fiarfira) Mars. 
Ksitijya (fcrf^TT) Earthsine. 
The distance between the 
rising-setting line and the 
line joining the points of 
intersection of the diurnal 
circle and the six o'clock 
circle. 

Ksiti-suta (fsrfagcr) Mars. 
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Ksipii (ftrfcr) Celestial latitude. 
Ksipti-liptikfth (ftrf^rfafcraT:) The 

minutes of celestial latitude. 
Ksepa (st<r) Used for Viksepa 

(celestial latitude). 
Kha (^) Zero. 

Ganita (^fara - ) Calculation, com- 
putation. 

Ganita-prakriya (irf^srfw) Cal- 
culation, computation. 

Gata (irt) Traversed, elapsed, 
past, preceding. 

Gati (Tfa) Motion. Generally 
used in the sense of "daily 1 
motion." 

Gatyantara ('*T5*RTC ) Motion- 
difference- 

Gantavya (trt^) To be traversed, 
to come, succeeding. 

Gum (t) Multiple or mul- 
tiplication. (2) Rsine. 

Guru (p) Jupiter. 

Go I'tft) The sign Taurus. 

Gola (jfter) Hemisphere, northern 
or southern hemisphere. 

Graha (^) (1) Planet. (2) 
Eclipse. 

Graham [V^) Eclipse. 

Graham.adh.ya ( ) The 
middle of an eclipse. 

Grahasadvartma (^^M^MkH) True 
motion of a planet. 

Grasa (*tt*t) The eclipsed por- 
tion. 

Grlhaka (Wf) The eclipsing 
body, the eclipser. 



Grahafardha Half the dia- 

meter of the eclipsing body. 

Grahya (^TFi The eclipsed body. 

Grahya-bimba (sn^rf^) The disc 
of the eclipsed body. 

Gf&hya-mandala (?rr^iw*r) The 
circle of the eclipsed body. 

Ghafika (srfejrr) Same as Ghaft. 

Ghati A unit of time equi- 
valent to 24 minutes. 

GhUta (tt?t) Product, multiplica- 
tion. 

Cakra (=*nfi) Circle, twelve signs, 
or 360°. 

CakraliptH (^fcreiT) The number 
of minutes of arc in a circle, 
i.e., 21600. 
• Cakr'Srdha Half of a circle, 

i.e., 180°. 

Cakramhka (w^) The num- 
ber of degrees in a circle, i.e., 
360. 

Candra (^S) The Moon. 

Candrakarna (^^r) The dis- 
tance of the Moon. 

Candramas (^rer) The Moon. 

Cara (^X) Ascensional difference. 
It is defined by the arc of the 
celestial equator lying bet- 
ween the six o'clock circle 
and the hour circle of a 
heavenly body at rising. 

Carajivardha (^sn^ftare) The 
Rsine of the ascensional dif- 
ference. 

Caraprana(n.Wf) Same as Carisu. 
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Carasu {^%) The asus of ascen- 
sional difference. 

Cala-kendra Slghra-kendra. 
See Kendra. 

Cala-kendra-phala (xM*n!4M) Sighra- 
phala. 

Calocca (^fr 5 ^) Slghrocca. 
Capa (=*iq) Arc. 

Capa-bhaga (^ttthi) An element 
of arc, or elementary arc (i.<r., 
one of the twenty-four equal 
divisions of a quadrant, the 
Rsine-differences for which 
have been tabulated by 
Aryabhata I) . 

Capita (*TTfWj Converted into (or 
redsced to) the correspond- 
ing arc. 

Ccirabhoga (^r^ftT)' Direct motion. 

Caitra (#^) The name of the 
first month of the year. 

Chaya (WTr) (1) Shadow. (2) 
The Rsine of the zenith dis- 
tance. 

Chaya -dairghya ( ) The 
length of the Earth's shadow, 
i.e., the distance of the vertex 
of the Earth's shadow from 
the Earth's centre. 

Chayb-vidha'na (qreifwir) The 
method of shadow. 

Cheda (&s) Divisor. 

Jaladhi (srsrfa) Four. 

Jim (f«H) Twenty four. 

Jha (<#rr) Same as Jyi. 



Jhabhukti (afcmgftfi) True daily 
motion derived with the help 
of the table of Rsine-differ- 
ences. 

Jiika (^>) The sign Libra. 
Jya~ {^n) (1) Rsine (= Radius* 
sine). (2L The Rsine-differ- 
ences corresponding to the 
twenty four equal divisions 
of a quadrant. 

Jyotis (5*fricrcr) A heavenly body. 

Tama (?pt) The section of the 
cone of the Earth's shadow 
where the Moon crosses it, 
by a plane perpendicular to 
the axis of the shadow cone; 
briefly called "the shadow". 

Tamomurti (cRtofa ) The Moon's 
ascending node. 

Tamovyasa lajffarnr) The diame- 
ter of the shadow. See Tama. 

Taraka (circ^r) Star. 

Tara-samagama (cTRTWTT) Same 
as Togabhaga. 

Tigmatejas i ftpw^srcr) The Sun. 

Tigmarasmi (fartfN) The Sun. 

Tigmamsu (f%nrtw) The Sun. 

Tithi (farfa) (1) Lunar day 
(called tithi). See notes on 
LBh, ii, 27. (2) Time of 
conjunction or opposition of 
the Sun and Moon (parva- 
tithi). (3) Time of beginning 
middle, or end of an eclipse. 
(4) Fifteen. 

Tithi -varga (%f«T^f) 15 2 , or 225. 
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Tithyardhahira ( fassrsr|rT ) A 
divisor which is equal to 
half of that used in calcula- 
ting the tithi, i.e., 360. 

Tiryak (fcnfa) Oblique. 

Tula {^fT) The sign Libra. 

Tulyatva (3?zic?) Equality. 

Tulyadik (^rfep) Like direction, 
or same direction. 

Tulyadiktva (^Hi«w j Likeness or 
sameness of direction. 

Trijya (fV^TT) Radius or 3438'. 
Literally, the Rsine of three 
signs. 

Trimaurvt "(fsnrHf) Same as Trijya'. 

Trira'si ( f%Trf% ) Three signs. 

Trisarkara-vidhana ( fasr^ tt-rsr ) 
The method of cons- 
tructing a circle through 
three given points has been 
called trisarkara-vidhana by 
Bhaskara I. 

Trairasika (^TTfere>) The rule of 
three. 

Tvastra (r^f) The naksatra Gitra 
which is presided over by 

Daksina (sfa<»r) (I) South. (2) 
Southern hemisphere (dak- 
nna-gola). 

Daksinasa (^ferrim) The southern 
direction. 

Darsana-samskara ( 5sfa-w**FR ) 
usually called Drkkarma ?++4f) 
Visibility corrections. There 
are two visibility correc- 



tions : ( 1 ) Aksa-drkkarma, 
which is the measure of 
the arc of the ecliptic 
lying between the hour 
circle and the circle of posi- 
tion of the planet concerned, 
and (2) Ayana-drkkarma> 
which is measured by the 
arc of the ecliptic lying be- 
tween the circle of celestial 
longitude and the hour circle 
of the planet concerned. 
These corrections having 
been applied to the true 
longitude of a planet, we 
obtain the longitude of that 
point of the ecliptic which 
rises on the local horizon 
simultaneously with the 
actual planet. 
Dala Half. 

Dasra Two. {Dasra is a 
synonym of A'svi). 

Dik (ftv)(l) Direction. (2) Ten. 

Dikka (fere?) Direction. 

Dim (fer)'(l) Day. (2) Fifteen. 

Dinagana (ffc*Wl ) Same as 
Ahargana. 

DinapuwH parZrdha iGwftrtmnf ) 
Forenoon and afternoon. 

Dinantodayalagna (ferRikWT) 
The rising point of the eclip- 
tic at sunset. 

Diri&rdha (few) Midday, 

Dis(fe$) (1) Direction. (2) 
Ten. 
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Di'sa (ferr) Direction. 

Drkksepa (mm) The drk- 
' ksepa is the zenith distance 
of that point of a planet's 
orbit which is at the shortest 
distance from the zenith. 
This term is sometimes also 
used for the Rsine of that 
zenith distance. 

DrkksepajyH (^fosrr). The 
Rsine of the drkksepa. See 
Drkksepa. 

Dr'sya-Kila (^m^) Duration 
of visibility. 

Desintara ( forarc: ) The lon- 
gitude of a place. It is 
either the distance of the 
place from the prime meri- 
dian, or the difference be- 
tween the local and standard 
times. 

Desantara-ghati Desin- 
tara, in ghath, i.e., the ghath 
of the difference between the 
local and standard times. 

Dyuganai^Ji^Scime as Ahargana. 

Dyucarin (er^for) Planet. 

Drasti (sTgst) Observer. 

Dhana («pt) Addition. 

Dhanu Arc. 

Dhanurbhaga (<*3*k) The ele- 
ment of arc, or elementary 
arc (i.e., one of the twenty- 
four equal divisions of a 
quadrant, the Rsine-dif- 



ferences of which have been 
tabulated by Aryabhata I;. 

Dhanus (vqs) (1) Arc. (2) 225- 

Dhara (to) The Earth. 

Dhisnya (fe^T, Star. 

Dhrti Eighteen. 

Naga Seven. 

Mata (•TrT) Meridian zenith dis- 
tance. 

Natabhaga (sTcPror) Meridian ze- 
nith distance. 

Nati (*far) ( 1 ) Meridian zenith 
distance, or the Rsine of that. 
(2) Difference between the 
parallaxes in latitude of the 
Sun and Moon. 

Nabha (*rx) Zero. 

JVabhaso madhya (*nnsft wi) The 
meridian of the place. Lite- 
rally, the middle of the sky 

Nadika (TTfofiT) Same as Ghatt. 

Nddl Same as Ghatt. 

Nirdksajah (asavah) (Ptoststt: 
Asus of right ascension, 
or the time in asus of rising 
at the equator. 

MsZ (ftm) Night. 

Ni'sakara (ftSTre*:) (1) The 
Moon. (2) One. 

Ni akrt (fa-JiTTfrcr) The Moon. 

MsanStha (fom*W) The Moon. 

Paksa (1ST) Lunar fortnight, i.e., 
the period from new moon to 
full moon, or from full moon 
to new moon. The period 
from new moon to full moon 
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is called the light fortnight 
(or the light half of a lunar 
month) and that from full 
moon to new moon is called 
the dark fortnight (or the 
dark half of a lunar month). 
Pada (q*) (1) Quadrant. (2) 

Square root. 
Padminibandhu (^fort^sT) The Sun. 
Parama-kranti (<T*wf%) Greatest 
declination of the Sun, i.e., 
the obliquity of the ecliptic. 
Parama-ksipti (<rc*r%far) Greatest 
celestial latitude (of the 
Moon), i.e., inclination of 
the Moon's orbit. 
ParamSpakrama (toiw) Same 

as Parama-kranti. 
ParamSpakramo gunak{Ttm^t 5^:) 
The Rsine of the Sun's great- 
est declination. 
Paridhi (qftfa) (1) Circumference, 

periphery. (2) Epicycle. 
Paryaya (<rf*) Same as Bhagana. 
Parva(<ti) (I) Time of conjunction 
or opposition of the Sun and 
the Moon. (2) Full moon or 
new moon tithi. (3) An ec- 
lipse of the Sun or Moon. 
Parvata (<refa) Seven. 

Parva-madhya (q*i«r) The middle 
of an eclipse. 

Parvanadi (q*mfr) The nadis of 
the full moon or new moon " 
tithi (also called parva) which 



are to elapse at sunrise on 
that day. Or/in other words, 
the time in riSdh which is to 
elapse at sunrise before the 
time of conjunction or oppo- 
sition of the Sun and Moon. 

Pala (<n?r) Latitude. 

Palajya The Rsine of the 

latitude. 

Pa'scHrdha (qi^rrsf ) The western 
half. 

Pascima (qf^r) West. 
Pita (Trer) The ascending node 
of a planet's orbit (on the 
ecliptic). 

Pa-ta-bhfiga (^mm) The degrees 
of the longitude of the ascen- 
ding node. 

Pitrya (ftwr) The naksatra 
Magha, which is presided 
over by Pitr-s. 

Puskara (J^rr) Three. 1 

Pusya (gsr) The naksatra Pusya. 

Purva East. 

Puwapafiyata Direc- 
ted east to west. 

PurvUna (^) Forenoon. 

Pausna(it*"t) The naksatra Revati, 
which is presided over by Pusa. 

Pahkti (<r%) Ten. 

Prakrti (sr^fa) Eight. 

Praksepa (srsfr) Addition. 

Prakriyi (srfw) Process. 

Pragrasa (shirt) The beginning 

1 There are three puskaras. See Vacas- 
patyam, p. 3374, under TripuSkara. 
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of an eclipse, i.e., the first 
contact. 

Pratipad (sfor*) The first tithi of 
either half of a lunar month is 
called Pratipad. 

Pratiloma (sn%??fr»T) Retrograde. 
A planet is said to be prati- 
loma when its motion is ret- 
rograde. 

PrabhS (sph) The shadow of a 
gnomon. 

Prfk-kaptila(xmvvx) The eastern 
hemisphere. 

Prdgvitagna (siif>^T) The rising 
point of the ecliptic. 

PrScl (in<t) East. 

Prina (sttw) Same as Asu. 

Prahna (stt^) Forenoon. 

Phala ( < E*T) Result or correction. 

Bava (srt) The name of the first 
movable Karana, the Karana 
being one of the five impor- 
tant elements of the Hindu 
Calendar. 

Bihu (srr|) (1) The base of a 
right-angled triangle. (2) 
The bahu (or bhuja) corres- 
ponding to a planet's anom- 
aly (or to any arc or angle). 
If be the anomaly of a 
planet (or any arc or angle 
whatever), then the corres- 
ponding bcihu is 0, 180°— 0, 
— 180°, or 360°— 0, accord- 
ing as O<0<9O°. 9O°<0< 
180°, 18O°<0<27O°, or 



270° <0< 360*. (3) The 
Rsine of the bahu (of a 
planet's anomaly). 
Bdhuphala (^Tf^) Correction 
due to the mandocca or 
slghrocca of a planet. The 
formula for the bahuphala is : 
ba~huphala= 

bahujya x tabulated epicycle. 
80" ~ 
Bindu (f^|) Point. 
Bimba (f^r) Disc of a planet. 
Budha (ft?) Mercury. 
Bha (*) Sign. 

Bhagana (w) The revolution- 
number of a planet, i.e., 
the number of revolutions 
that a planet performs around 
the Earth in a certain period. 
The revolutions given by 
Bhaskara I correspond to a 
period of 43,20,000 years. 

Bhava (v?) Eleven. 

Bhaga (*rrr) (1) Part, fraction. 
(2) Division. (3) Degree (°). 

Bhdgahara (wr?rc) Divisor. 

BhSjya (W^T) Dividend. 

BhSnu (vtpj) The Sun. 

BhSrgava (wfa) Venus. 

BhSskara (vm*) (1) The Sun. 
(2) Twelve. 

Bfiftsvat (*TFra) The Sun. 

Bhinna-dik (favrfetf) Unlike direc- 
tion. 

Bhinna-dikka (ftrsrf^fr) Unlike 
direction. 
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Bhukta (vrs;) Traversed, passed 
over. 

Bhukti (vfa) Motion, or daily 
motion. 

Bhukti-yoga (^fanito ) Sum of 
(daily) motions. 

Bhukti-vi'sesa (*rf^%%^) Motion- 
difference. 

Bhuja (w^T) Same as Ba~hu. 

Bhujajyi (ir^n The Rsine of 
Bhuja {Bhuja oxB&hu). 

Bhuja (^t) Same as Ba~hu. 

BhujU-phala (ww) Same as 
Bahu-phala. 

Bhuja-maurvt fw*fhff) Same as 
Bhujajya. 

Bhu {\) Earth. 

Bhu-cchaya~-dairghya('fz^T&q) Same 
as Cha~ya-dairghya. 

BhvjyH (f^r) Same as Ksitijya. 

Bhuta {m) Five. 1 

Bhii-taragraha-vivara ( WRW^fasn: ) 
The distance between the 
Earth and a star-planet. 

Bhudina (^rf^T) Civil days. 

Bhumi (wfa) Earth. 

Bhumi-vyasa (Tjfipamr) The dia- 
meter pf the Earth. 

Bhumeh vrttam ftf) The cir- 
cumference of the Earth. 

Bheda Occupation of a star. 

Bhoga (^"ftr) Motion. 

1 There are five elements (bhuta), 
viz. earth, water, sacrificial fire, 
ether, and air. 



Makara (w:) Capricorn. 

Magha (*nrr)The naksatra Magha. 

MaghH-tnadhyastha-tHrakam (*rer- 
iwTCTdrwt) The central star 
of the naksatra Magha. 

Mandala (west) (1) Circle. (2) 
Revolution. 

Mandala-madhya (wjptszt) The 

centre of a circle. 
MandaUrdha (wsrre). Half of a 

revolution, i.e., six signs, or 

180°. 

Matsya {w<&) Fish-figure. 

Madhya-cchaya~ (w^n-^w) The 
midday shadow (of the gno- 
mon). 

Madhyajiva (*Ts^r) The Rsine 
of the zenith distance of the 
meridian-ecliptic point. 

Madhyajya ( ^«rnrr ) Same as 
Madhya-jtva. 

Madhya-bhukti (Jrsq^fe) Mean 
(daily) motion. 

Madhyama {warn) (1) Mean. (2) 
Mean planet ( madhyama- 
graha). 

Madhyama bhuktih ( vTm: ) 
Mean (daily) motion. 

Madhya-lagna (waFFf) Meridian- 
ecliptic point. 

Madhya bhuktih {wm vjw.) Mean 
(daily) motion. 

MadhyMna Midday. 
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Madhy&hna-cchayi ( ^narr^Tm ) 
The midday shadow (of the 
gnomon) . 

Manu (fpjj Fourteen. 

Manda (*T^) (1) Mandocca. (2) 
Manda-paridhi {manda epi- 
cycle). 

Mandocca {w&^t) The apogee of 

a planet. See Ucca. 
Mandocca-karna (i^O^+tf) Manda- 

k*rn a . 

Mandocca-phala Cor- 
rection due to a planet's 
mandocca. 

MandHm'sa (t^stst) The longi- 
tudes of the apogees of the 
planets in terms of degrees. 

Masa (TTCT) A (lunar) month. 

MVieya (it|^) Mars. 

Muni (gfr) Seven. 

Mula (^pr) (1) Square root. (2) 
The naksatra Mula. 

Mrga (*ft) The sign Capricorn. 
Medini (Ws^ft) Earth. 
Mesa (*tsr) The sign Aries. 

Maitra (^r) The naksatra Anu- 
radha, which is presided over 
by Mitra. 

Moksd (sfter) The separation of 
the eclipsed body after an 
eclipse, the last contact, or 
the end of an eclipse. 

Maurvt ( J ftff) Rsine. 

Tama (w) (1) Saturn. (2) Two. 

Tamala {wm) Two. 



Tata (TT?r) Elapsed. 

Tctmya (*tto) (1) The south 
direction which is presided 
over by Yama. (2) The 
southern hemisphere {yimya- 
gola). (3) The naksatra 
Bharani, which is presided 
over by Yama. 

Tamyottara (m&ftxK) The local 
meridian. 

Tugadhika (g^rrfW) Intercalary 
months in &yuga. 

Tugma (5"r) Even. 

Tuti (3%) Union, junction. 

Toga (*TtT) ( 1 ) Conjunction in 
longitude of two heavenly 
bodies. (2) Addition. 

Toga-ta~ra (zft^MKT) Junction-stars. 
These are those prominent 
stars of the twenty-seven 
naksatras which were used by 
the Hindu astronomers for 
the study of the conjunction 
of the planets, especially the 
Moon, with them. 

Toga-bhHga (jfrnTFT) The degrees 
of longitudes of the junction- 
stars. 

Tojana (jftspr) The yojana is a 
unit of distance. The length 
of a yojana has differed at 
different places and at differ- 
ent times. The yojana ofArya- 
bhata I and Bhaskara I is 
roughly equivalent to' 7£ 
miles. 
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Yojana-karna (qWrerar) The dis- 
tance of a planet in terms of 

yojanas. 

Tojana-vya~sa ( tffaJTsm-ff ) The 
diameter in terms of 
yojanas. 

Randhra (w) Nine. 

Ravi (Tfo) (I) The Sun. (2) 
Twelve. 

Rasa Six. 

Riiaputra (Trsryr) Mercury, Liter- 
ally, the son of the king 
(Moon). 

RZma (tpt) Three. 1 

R&'si (tt%) Sign. 

Rahi-kala {T(h^m) The number 
of minutes in a sign, i.e., 
1800. 

Rd'si-traya (Tifwr) Three signs. 
Rasi-sesa ) The residue 

of the sign. 
Rudra (^5) Eleven. 
Rupa (WJ) One. 

Rem (1) Line. (2) Prime- 

meridian. 

Lagna (st^r) The rising point of 
the ecliptic. 

Lanka (sf^r) A hypothetical 
place on the equator where 
the meridian of Ujjain inter- 
sects it. 

Lahkodaya (#frfcJT) Times of ris- 
ing (of the signs) at Lanka, 



1 There were three persons 
called Rama, Parasuraroa, Balarama 
and Rama- 



or right ascensions (of the 
signs). 

Lambaka (sr«ra>) The Rsine of the 
colatitude. 

Ldmbaka-guna (^h+^"i) Same as 
Lambaka, 

Lambana (s-fsft) Parallax in longi- 
tude; or, in particular, the 
difference between the paral- 
laxes in longitude of the Sun 
and Moon. 

Lipta (ftRn) Minute of arc. 

Lipm-vycisa (fami^rer) Diameter 
(of a planet) in minutes. 

Liptf-sesa (ftren%*r) The residue 
of the minute. 

LiptikZ (foferpr) Same as Lipta~. 

Vakratva {&m) Curvature. 

Vakrabhoga {^%-^[) Retrograde' 
motion. 

Vakrarambha (TOrcnr) Commence- 
ment of retrograde motion. 

Vatsara (^R) Year. 

Varga (^f) Square. 

Varga-vidhi (^PTfafsr) Method of 
solving a quadratic equa- 
tion. 

Varga-ra'si (3"ih:r%) A square 

quantity. 
Va~rtarridna (^*fR) Present/ 

current. 

Vartam&na-guna (SdHMfr) The 
present (or current) Rsine- 
difference of the elementary 
arc occupied by a planet. 
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Vartamdna-graM The 
longitude of a planet (at sun- 
rise) on the current day. 
Vartamanodaya («dm«ita«) Time 
/ of rising of the sign lying, at 
the present moment, on the 
eastern hori2on. 
Vartrna Path, locus. 
Vartmavrtta The circle 

denoting a path (or locus). 
Varsa Year. 
Varsa-puga (**yr) A collection of 

years, or simply years. 
Valana (**T) (lit. deflection). 

Valana relates to an eclip. 
sedbody. It is the angle 
subtended at the body by the 
arc joining the north point of 
the celestial horizon and the 
north pole of the ecliptic {i.e., 
the angle between the circle 
of position and the circle of 
celestial longitude of the eclip- 
sed body). Valam is generally 
divided into two components, 
(1) Aksa-valana, and (2) 
Ayana-valana. The Aksa-valana 
is the angle subtended at the 
body by the arc joining 
the north point of the celestial 
horizon and the north pole 
of the celestial equator (i.e,, 
the angle betwen the circle of 
position and the hour circle 
of the eclipsed body) r ™ 



The 



Ayana-valana is the angle sub- 
tended at the body by the 
arc joining the north poles of 
the equator and the ecliptic 
(i.e., the angle between the 
hour circle and the circle of 
celestial longitude of the 
eclipsed body ) . 

The Valana is also defined 
as follows : The great circle 
of which the eclipsed body is 
the pole is called the horizon 
of the eclipsed body. Suppose 
that the prime vertical, equa- 
tor, and the ecliptic intersect 
the horizon of the eclipsed 
body at the points A, B and G 
respectively towards the east 
of the eclipsed body. Then 
the arc AB is called the Aksa- 
valana, arc BG is called the 
Ayana-valana, and the arc AG 
is called Valana. 

Valana is also called 
spasta-valana. 
Valana-karma (^p^af) Calcula- 
tion of valana. 

Vallakibhrt (*55rtfhR) The si g n 
Gemini (Literally, "the lute- 
holder"). 

Vasu (m) Eight. 

Vasundhari (^^) Earth. 

Vahni (9ff) Three. 

F3ra (WR) Day. 
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Varum {^vmt) West. 

The western direction is 
called Varum because it is 
presided over by Varum. 

Visava (*m=rsr) The naksatra 
Dhanistha, which is presided 
over by Vasu. 

Viksjpti (f^fsrfa) Celestial lati- 
tude. 

Viksepa (fern) Celestial latitude. 
Viksepa-jya (fasaTsirr) The Rsine 
of celestial latitude. 

Viksepa-liptika (froqfaferer) The 
minutes of celestial latitude. 

Viksepama ( fairer J The degrees 
of celestial latitude. 

Vit Mercury. 

Vidikka (fafof^) Contrary direc- 
tion. 

Vidhi (fafa) Method. 
Vinaiika (foTTfNn") A unit of time, 
equivalent to 24 seconds. 

Vimardardha (fa*rfTw) Half the 
duration of totality of an 
( eclipse. 
Viyat (f«Pra) Zero. 
Vilipta (fa&Far) Second of arc. 
Viliptika (f^rfer^i) Same as 
ViliptH. 

Vivara{fam) Difference, interven- 
ing space. 

Vivasvat (fa^<f ) The Sun. 

VisakhS ■(ftRTT^T) The naksatra 
Vvakha. 



Vislesa (foitw) Difference. 

Vi'sva (faw) Thirteen. 

Visuvajya (fo^rr) The Rsine of 

the latitude (of a place). 
Visuvaddina (fa^fi^r) The day of 

the equinox. 
Visuvaddina-madhyahna - cchHyi 

noctial midday shadow. 

Viskambha (fa^ir) Diameter. 

Viskambha-dalcb (fo^rcsr) Semi- 
diameter, radius. 

Viskambfidrdha (f*t«*"«tr^) Semi- 
diameter, radius. 

Vistrti (fa^fa) Radius. 

Vrtta (ftr) (1) A circle or its 
cirumference. (2) Epicycle. 

Veda Four. 

Vaidhita An astronomical 

phenomenon. See ii. 29. 

Vaisva (ts«r) The naksatra Uttara- 
sadha, which is presided 
over by Visve Devah. 

Vaismva (t^ra) The naksatra 
&ravana, which is presided 
over by Visnu. 

Vyatipata (^fhrcr) An astrono- 
mical phenomenon. See LBh, 
ii. 29. 

Vyataccheda Divisor. 
VyUsa (^w) (1) Diameter. (2) 
Radius. 

Vyasa-dcda^&tt&Ri) Semi-diameter, 
radius. 

Vyasa-yojana (°nwpjt3R) Diameter 
in terms of yojanas. 
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VyZscirdha (^rcrre) Semi-diameter, 

radius. 
Vyoma ( 5I fa) Zero. 
Sakibda (zfttt) The years of 

the &aka era. 
Sakra (^) Fourteen. 1 
Sakm-ftrakam ( srwwr ) The 

naksatra Jyestha, which is 

presided over by Indra. 

(£akra=Indra). 
Sahku (I) Gnomon. (2) 

The Rsine of altitude (of 

a heavenly body). 
Sahkvagra (¥^r) The distance of 

the projection of a heavenly 

body on the plane of the 

celestial horizon, from the 

rising-setting line of the 

heavenly body. 
Satabhisak (rfr^) The naksatra 

Sjatabhikha. 
Sani (stPt) Saturn. 
Sara (sre) Five. 

Sasa-laksma{^^^) The Moon. 
Sasdhka (totr?) The Moon. 
SaAifwfer) (l)TheMoon.(2)One. 
Sasyucca Moon's apogee. 

Sikhi (firf*) Three. 
frnra-didhiti (ftrf^fafa)TheMoon 
Stghra (<ftw) (1) Sighrocca. (2) 

Stghra epicycle. 
Slghra-kendm (sfta^) The Stghra 

anomaly. See Kendra. 

1 There are fourteen Indras 
(Sakra) corresponding to the fourteen 
manvantaras. 



Sighranyayftgatam phalam (sftET^Ti" 
H5f ; Sighraphala. See 

Stghraphala. 
Sighrocca (sftsft^) See Ucca. 
Stghrocca-karnai&tfc**^) Stghra- 

karna. It is equal to 
[(R ± .ft sin jfc) 2 +(i2sini) 2 ] 1/2 

where £=3438', A=fcofc' due 

to Stghra-kendra, and b-^bhuja 

due to Stghra-kendra. 
Sitimsu < sfamj) The Moon. 
Sukra Friday. 
5wn^a (sr*T) Zero. 
Srhgonnati (SFffWs) The elevation 

of the Moon's horns (or 

cusps). 

Sesa {Wt) Remainder, residue. 

Saila (*fcr) Seven. 

Samyukta (a'gxfi) In conjunction. 

Samskita (#?^r) Corrected. 

Saifcrf (sr?^) By the application of 
the rule only once {i.e., 
without the application of the 
method of successive approxi- 
mations). 

Safnkhyi (tfsn) Number. 

Samakala (?R^r) Two planets are 
said to be samakala when they 
are either in conjunction or 
opposition in longitude. 

Samapurvdpara (*nrr#rc) Same 
as Samamandala. 

Samapurva parah Sahkuh (qwgftw : 
9pf>:) The Rsine of the prime 
vertical altitude (of the Sun) 
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Samamandala (*f*nr"s?r) The prime 
vertical. 

Samarekha The meridian. 

Samaliptendu The longi- 

tude of the Moon, for the 
time of opposition or conjuc- 
tion of the Sun and Moon. 

Samparka (^n^F) The sum of the 
diameters of two bodies in 
contact. Used in the sense 
of "the sum of the diameters 
of the eclipsed and eclipsing 
bodies." 

Samparka-dala Same as 

Samparkardha. 

Samparkardha (?p*p#?) Half the 
sum of the diameters of the 
eclipsed and eclipsing bodies. 

Sahasramsu (fl^N,) The Sun. 

Sagara (sttt?) Four. < 

Sayaka (src^) Five. 

Sarpamastaka (*ri<fa*^) Name of 
an astronomical phenome- 
non. 

Stivitra (srrfa^) Pertaining to the 
Sun. 

Sita (f%rr) (1) The measure of 
the illuminated part of the 
Moon's disc; the phase of the 
Moon. (2) The light half of a 
lunar mouth (sita-paksa) . (3) 
Venus. 

Sita-paksa (ftra<rsr) The light half 

of a lunar mouth. 
^ita-mana (fiRWiT) The measure 



of the illuminated part of the 
Moon's disc. 

Suradhipa (golfer) Fourteen. 

Suri (gf*) Jupiter. 

Surya ($f) (1) The Sun. (2) 

Twelve. 

Saumya (sfar) (1) North. (2) 
The northern (hemisphere). 
(3) Mercury. 

Sauri (tftft;) Saturn. ^ 

Sthityardha (for^m) Half the dura- 
tion (of an eclipse). 

Sthityardha-ria~dika~ (f^rafTifespT) 
Half the duration (of an 
eclipse) in terms of ri&dis. 

Sthula (ftst) Gross, approximate. 

Spar'sa (*w) Contact. 

Sphuta (*<§z) True, corrected. 

Sphuta- graha{^^%) True planet. 

Sphuta-bhukti ( ?5£*rfa> ) True 
(daily) motion. 

Sphuta-bhoga C^-vfot ) True 
(daily » motion. 

Sphufa-madhya ( ^jot^t ) True- 
mean; the true-mean planet; 
the true-mean longitude of a 
planet. 

Sphuta-yojana-karna (sje'TfrR^) 
The true distance (of a 
planet) in terms oiyojanas. 

Sphuta-vrtta (^fxT) True or 
corrected epicycle, 

Svade'sa-bhumi-vrtta ( s^r^fa^r ) 
The local circumference of 
the Earth, i.e., circumference 
of the local circle of latitude. 
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Svade'sa-bhodaya (sw^nrter) Times 
of rising of the signs at the 
local place, or oblique ascen- 
sions of the signs. 

SvadesZksa (^^rrer) The latitude 
of the local place. 



Svadesodaya (*T&fi<*4') Same as 

Svade'sa-bhodaya. 
Sv&bhuvrtta. (FT^frT) Same as 

Svade'sa- bhumi-vrtta. 
Svara (wz) Seven. 
Hanti Occults. 
Harija (iftsr) Horizon. 



